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»•>♦-•« 


WASHINGTOlif: 

GOy£BNM£NT   PRINTING   OPPIOH. 

1893. 


Eeaolved  by  the  Senate  (the  House  of  Bepreeentatives  ooneurring  therein),  That  the 
Report  of  the  Commissioner  of  Fish  and  FisherieSy  coYering  the  operations  of  the 
Commission  for  the  fiscal  years  1889-90  and  1890-91,  he  printed;  and  that  there  he 
printed  8,000  extra  copies,  of  which  2,000  shall  he  for  the  use  of  the  Senate,  4,000  for 
the  ose  of  the  House  of  Representatives,  and  2,000  for  the  use  of  the  Commissioner 
of  Fish  and  Fisheries;  the  illustrations  to  he  obtained  by  the  Public  Printer  under 
the  direction  of  the  Joint  Committee  on  Printing. 

Agreed  to  by  the  Senate  March  23,  1892. 

Agreed  to  by  the  House  May  10,  1892. 
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REPORT 


OF  THE 


UNITED  STATES  COMMISSIONER  OF  FISH  AND  FISHERIES 


FOR  THE 


FISCAL  Y£ASS  1889-90  AND  1890-91. 


In  accordance  with  the  resolation  of  Congress,  the  accompanying 
rei>ort  presents  the  work  of  the  Commission  for  the  period  commencing 
July  1, 1889,  and  ending  June  30, 1891. 

The  appropriations  for  the  current  expenses  of  the  work  of  the  Com- 
mission during  the  two  fiscal  years  covered  by  this  report  were  as  fol- 
lows: 


Appropriation. 


Compensation  of  Cominiuioner 

Propagation  of  food-fishes 

Distribntion  of  food-fishes 

Haintenanoe  of  vessels 

laqoiiy  respecting  food-fishes 

Statistical  inquiry 

Maintenance  of  Keosho  Station,  Missouri 

Total 


1889-90. 

lSOO-91. 

$5,000 

$5,000 

150,000 

150,000 

35,000 

50,000 

63,000 

53,900 

20,000 

20,000 

10,000 

20,000 

5,000 

278,000 

298,000 

As  required  by  law,  detailed  reports  of  the  expenditures  under  these 
appropriations  were  presented  to  Congress  December  1, 1890  (Mis.Doc. 
No.  5,  House  of  Bepresentatives,  Fifty-first  Congress,  second  session) 
and  December  1, 1891  (Mis.  Doc.  Ko.  16,  Senate,  Fifty-second  Congress, 
first  session).  These  reports  exhibit  the  expenditures  for  the  conduct 
of  each  of  the  Commission's  stations,  and  also  for  the  special  lines  of 
inquiry  conducted  by  the  Commission. 

H.  Mis.  113 ^1  \ 


REPORT  OF  COMMISSIONER  OF  FISH  AND  FISHERIES. 


JHQUTRY   RBSPBCnNG   FOOD-FISHES   AND    THE   FISHINGS- 

GROUNDS. 

A  fall  account  of  the  operations  of  the  division  conducting  these  in- 
vestigations will  be  found  in  the  accompanying  report  of  Mr.  Bicbard 
Bathbun,  assistant  in  charge  (pages  97  to  171).  '^ 

My  last  report  contains  an  outline  of  the  preliminary  investigations 
respecting  the  flshing-grounds  of  the  Forth  Pacific  region,  begun  by 
the  steamer  Albatross  in  the  summer  of  1888,  and  which  it  was  pro- 
X>osed  to  extend  to  aU  the  waters  adjacent  to  the  territory  of  the  United 
States  on  the  western  coast.  During  the  past  two  years  these  surveys 
have  been  completed  between  the  Straits  of  Juan  de  Fuca  and  the 
Mexican  boundary  line,  or  off  the  coasts  of  Washington,  Oregon,  and 
California,  and  a  partial  examination  has  been  made  of  the  shallow- 
water  area  composing  the  eastern  part  of  Bering  Sea. 

Lieut.  Commander  Z.  L.  Tanner,  U.  S.  Favy,  who  has  commanded 
the  Albatross  ever  since  she  was  placed  in  commission  at  the  beginning 
of  1884,  has  been  in  direct  charge  of  the  conduct  of  these  inquiries,  and 
it  is  a  pleasing  duty  to  make  official  record  of  the  uniformly  capable 
and  efficient  services  rendered  by  him  in  this  connection.  As  com- 
manding officer  he  has  displayed  rare  seamanship,  and  at  the  same 
time  such  tact  and  discretion  under  difficult  and  often  perplexing  con- 
ditions of  administration  as  to  merit  the  strongest  commendation. 

During  July,  1889,  the  Albatross  was  placed  at  the  disposal  of  the  IT.  S. 
Senate  Committee  on  Indian  Affairs,  and  was  used  in  visiting  the  prin- 
cipal Indian  settlements  in  the  southeastern  part  of  Alaska.  Subse- 
quently the  fishery  investigations  were  resumed  to  the  south  of  Cape 
Flattery  and  were  carried  southward  as  far  as  Cape  Mendocino.  Dur- 
iDg  the  following  winter  the  region  between  Point  Arena  and  Point 
Conception  was  examined,  and  in  the  autumn  of  1890  the  remaining 
section  of  the  coast  from  Cape  Mendocino  to  Point  Arena. 

The  summer  of  1890,  beginning  in  May,  was  spent  entirely  in  Bering 
Sea,  where  it  was  found  that  the  principal  banks  frequented  by  the 
cod  are  located  off  the  northern  side  of  the  Alaska  Peninsula,  com- 
mencing at  IJnimak  Pass  and  extendiag,  with  only  a  single  break, 
parallel  with  the  coast  to  near  the  head  of  Bristol  Bay.  Kulukak  Bay 
also  furDishes  several  smaller  grounds.  Only  two  banks  are  recog- 
nized in  the  southern  part  of  Bristol  Bay,  both  of  which  afford  excel- 
lent fishing  in  moderate  depths  of  water.  The  most  western  one,  called 
Slime  Bank,  is  peculiarly  infested  during  the  summer  season  with 
immense  numbers  of  a  large  jelly-fish,  which  are  said  to  remain  near 
the  bottom  and  to  greatly  interfere  with  fishing  oi)erations  during  that 
period.  Baird  Bank,  which  lies  to  the  eastward  of,  and  nearly  adjoins, 
Slime  Bank,  is  the  largest  fishing-ground  which  has  yet  been  discov- 
ered in  Alaskan  waters,  its  size  being  slightly  greater  than  that  of 
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Georges  Bank,  in  the  Northern  Atlantic.  The  best  flshing-spots  occur 
in  the  region  ac^acent  to  Port  MoUer  and  Herendeen  Bay,  two  imi)or- 
tant  inlets  for  shelter  dnrmg  stormy  weather,  of  which  the  entrance  to 
the  former  and  the  channel  through  the  latter  were  sorveyed  and 
mapped.  A  coal  mine  had  been  opened  near  the  head  of  Herendeen 
Bay  just  previous  to  the  visit  of  the  Albatro8Sj  which  took  the  first 
output  of  coal  and  found  the  same  of  good  quality  for  steaming  pur- 
poses. The  starting  of  this  new  enterprise  marks  a  decisive  step 
toward  the  development  of  this  region,  and  should  it  result  in  the 
establishment  of  a  permanent  settlement  it  can  not  fail  to  advance 
materially  the  interests  of  the  neighboring  fisheries. 

The  season  proved  too  short  to  complete  the  investigations  in  Bering 
Sea  as  originally  planned,  outside  of  the  fishing-ground  above  referred 
to,  and  it  will  be  necessary  to  resume  the  work  at  some  future  time. 
The  position  of  the  western  margin  of  the  continental  platform  was 
defined,  however,  for  a  considerable  distance,  and  a  good  beginning 
has  been  made  toward  a  knowledge  of  those  physical  and  biological 
features  of  the  sea  which  relate  to  the  habits  and  distribution  of  the 
for  seal  and  other  aquatic  mammals. 

By  the  surveys  of  the  coasts  of  Washington,  Oregon,  and  Galifomia, 
the  contour  of  the  continental  border  has  been  developed  firom  the 
shore  line  into  depths  of  200  fathoms  as  far  south  as  Point  Conception, 
the  region  between  the  latter  place  and  San  Diego  having  been  pre- 
viously explored.  A  great  wealth  of  hydrographic  information  of  value 
to  navigation  has  thereby  been  obtained,  in  addition  to  a  very  fair 
knowledge  of  the  fishery  resources.  Very  few  defined  fishing-banks 
were  discovered,  but  food-fishes  of  many  species,  and  of  good  quality, 
were  generally  distributed  along  the  coast.  Halibut  were  taken  as  far 
south  as  Heceta  Bank,  off  the  coast  of  Oregon,  but  they  are  apparently 
nowhere  sufficiently  abundant  south  of  Gape  Flattery  to  induce  the 
sending  out  of  vessels  equipped  solely  for  their  capture.  Several  kinds 
of  flounders  and  of  rock-cod  are  very  plentiful,  however,  and  only  the 
lack  of  suitable  markets  stands  in  the  way  of  the  organization  of  an 
extensive  fishery  almost  anywhere  northward  of  the  region  tributary 
to  San  Frandsoo,  where  much  activity  has  now  prevailed  for  a  number 
of  years. 

A  very  careful  series  of  temperature  and  density  as  well  as  biologi- 
cal observations  in  different  parts  of  San  Francisco  Bay,  by  Mr.  G.  H. 
Townsend,  the  naturalist  of  the  steamer  Albatross j  seems  to  indicate 
that  the  waters  of  that  region  are  not,  as  has  hitherto  been  supposed, 
unsuited  to  the  breeding  of  the  Atlantic  coast  oysters,  and  further 
investigations  regarding  this  matter  are  awaited  with  much  interest. 
Should  the  establishment  of  self-sustaining  beds  of  the  larger  and 
better  quality  of  oyster  prove  possible  in  this  bay,  it  would  certainly 
tend  to  stimulate  the  development  of  an  important  industry. 
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Under  authority  from  the  President  of  the  United  States,  the  Com- 
missioner has  been  gratified  to  assign  the  steamer  Albatross  to  a  spe- 
cial scientific  investigation  of  the  waters  lying  off  the  western  coast 
of  America,  between  Gape  San  Francisco  and  the  Galapagos  Islands,  on 
the  south,  and  the  Oulf  of  California,  on  the  north.  This  inquiry,  which 
took  place  during  the  early  part  of  1891,  was  planned  and  {personally 
directed  by  Prof.  Alexander  Agassiz,  director  of  the  Museum  of  Com- 
parative Zoology  at  Harvard  University,  who  also  paid  a  large  propor- 
tion of  the  running  expenses  of  the  cruise.  Scarcely  anything  had 
previously  been  learned  regarding  the  physical  or  natural-history  char- 
acteristics  of  the  region,  and  the  expedition  proved  entirely  successful, 
promising  results  of  an  important  character.  The  materials  and  obser- 
vations obtained  have  been  placed  in  Prof.  Agassiz's  charge  for  elabo- 
ration, and  three  reports  bearing  upon  the  same  have  already  been 
published. 

The  most  extensive  and  important  operations  on  the  Atlantic  coast 
have  been  conducted  in  the  interest  of  the  oyster  industry.  A  com- 
plete survey  has  been  made  of  the  coast  waters  of  South  Carolina, 
which,  it  is  expected,  will  direct  attention  to  the  abundant  resources 
contained  within  the  boundaries  of  this  State.  The  oysters  are 
almost  exclusively  of  the  raccoon  type,  seldom  growing  upon  the 
bottom,  but  forming  narrow  ledges  or  flats  along  the  borders  of  the 
bays  and  of  the  numerous  winding  tidal  channels,  between  the  levels  of 
high  and  low  tide,  wherever  the  conditions  are  favorable  for  their  exist- 
ence. The  cause  of  this  surface  distribution  has  not  yet  been  entirely 
explained,  but  the  observations  so  far  made  suggest  that  possibly  the 
relatively  high  specific  gravity  of  the  water  prevents  the  spat  from 
sinking  below  the  surface.  Should  this  prove  to  be  the  case,  the  estab- 
lishment of  self-sustaining  beds  below  the  level  of  low  tide  may  be  im- 
possible, but  further  investigations  are  required  before  passing  finally 
upon  this  question.  In  any  event  an  important  industry  is  insured  in 
the  use  of  the  raccoon  oysters  as  seed,  which,  when  planted  in  suitable 
localities,  grow  to  a  good  shape,  and  improve  greatly  in  flavor  and 
consistency.  This  method  of  oyster  farming  is  already  practiced  suc- 
cessfully in  two  or  three  places,  but  only  on  a  very  limited  scale,  and 
the  business  is  susceptible  of  extensive  development. 

The  States  of  Maryland  and  Virginia  have  both  become  greatly  con- 
cerned regarding  the  future  prosperity  of  their  oyster  fisheries.  The 
fact  that  the  oyster  beds  of  Chesapeake  Bay  have  apparently  been 
deteriorating  for  a  number  of  years  has  led  to  the  very  general  convic- 
tion that  some  radical  changes  in  the  management  of  the  industry  are 
necessary  in  order  to  prevent  a  very  serious  depletion.  In  the  spring 
of  1891  the  steamer  Fish  Hawk  began  an  investigation  of  this  region, 
the  principal  object  of  which  was  to  obtain  as  much  accurate  informa- 
tion as  possible  respecting  the  present  condition  of  the  beds,  and  the 
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practicability  of  extending  the  area  of  production  by  artificial  plant- 
lugs,  as  has  been  done  in  Long  Island  Sonnd.  The  survey  was  first 
taken  up  In  Tangier  Sound,  where  a  similar  inquiry  had  been  conducted 
by  the  Coast  Survey  about  twelve  years  before,  in  the  expectation  that 
the  results  obtained  would  afford  the  data  for  a  very  instructive  com- 
parison. By  July  1, 1891,  the  delineation  of  the  beds  had  been  about 
completed,  and  the  dredging  work  was  soon  to  be  commenced. 

During  both  summers  the  oyster  beds  of  Long  Island  Sound  have 
been  subjected  to  extensive  investigations,  and  much  information  has 
been  secured  regarding  the  natural  features  of  the  region,  the  habits 
of  starfishes  and  of  other  enemies  of  the  oyster,  and  the  conditions  of 
spatting  during  the  two  seasons.  The  summer  of  1890  was  chiefly 
spent  in  making  a  physical  and  chemical  examination  of  the  waters  of 
the  sound,  the  former  inquiry  being  undertaken  with  the  cooperation 
of  the  Superintendent  of  the  Coast  Survey.  This  had  for  its  object  to 
ascertain,  by  a  series  of  careful  current  observations,  the  extent  of  the 
movement  of  water  through  the  sound  and  the  adequacy  of  the  flow  to 
prevent  stagnation  and  consequent  harm  to  the  oyster  beds.  The 
chemical  studies  consisted  in  making  tests  of  the  waters  in  all  parts  of 
this  area,  both  in  inclosed  and  exposed  positions,  to  determine  its  sani- 
tary condition.  The  result  of  these  researches  proves  very  conclusively 
that  no  damage  need  be  apprehended  from  the  present  condition  of  the 
waters,  and  that  a  sufficient  flow  takes  place  to  insure,  under  existing 
circumstances,  the  prompt  removal  of  polluting  matters;  but  it  is  not 
to  be  denied  that  the  sewage  and  other  sources  of  contamination  might 
be  so  increased  as  greatly  to  endanger  the  welfare  of  the  oyster- 
grounds. 

Dr.  Bashford  Dean,  of  Columbia  College,  New  York,  an  expert  on 
the  subject  of  oyster-grounds,  who  left  this  country  near  the  close  of 
the  last  fiscal  year  for  an  extended  visit  in  Europe,  has  been  commis- 
sioned to  study  the  methods  of  oyster-culture  now  practiced  in  Euro- 
pean countries,  and  to  prepare  an  illustrated  series  of  reports  regarding 
those  matters,  which,  it  is  exx>ected,  will  be  at  least  suggestive  to 
American  oyster-growers. 

The  physical  inquiries  in  the  mackerel  region  off  the  southern  "Sew 
England  coast  under  the  direction  of  Prof.  William  Libbey,  jr.,  referred 
to  in  the  last  annual  report,  were  conducted  during  a  part  of  July  and 
August,  1889,  and  again  during  the  summer  of  1890.  The  former  season 
the  work  was  performed  by  means  of  the  schooner  Orampua  alone,  but 
during  the  latter  the  Goast  Survey  steamer  Blake  was  detailed  to  act 
in  cooperation  with  the  OrampuSy  and,  through  the  courtesy  of  the 
Light-House  Board,  a  party  of  observers  was  also  stationed  on  the 
Ifantucket  New  South  Shoal  light-ship.  Parallel  lines  of  observing 
stations  were  carried  seaward  from  the  coast  for  distances  of  130  to  150 
miles,  the  lines  being  10  minutes  of  longitude  apart  and  the  stations  10 
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miles  apart.  At  each  of  these  stationSy  which  nnmbered  several  hun- 
dred in  the  coarse  of  the  two  seasons,  the  temperatore  of  the  water 
was  taken  at  regular  intervals  between  the  snrfiace  and  bottom,  or  down 
to  depths  of  300  to  500  fathoms,  where  the  depth  of  water  exceeded 
that  amount,  and  at  the  same  time  a  fall  set  of  meteorological  observa- 
tions was  recorded.  The  result  has  been  to  furnish  a  large  series  of 
vertical  temperature  sections  through  the  water  which  show  very  clearly 
the  relations  of  the  Gulf  Stream  with  the  colder  waters  of  the  Arctic 
current,  and  the  surface  variations  are  accompanied  by  very  complete 
meteorological  data,  with  which,  it  is  hoped,  a  correlation  may  ulti- 
mately be  rendered  x>ossible.  These  observations  will  undoubtedly 
throw  much  light  upon  the  habits  of  several  species  of  i>elagic  fishes, 
of  which  the  mackerel  is  most  conspicuous,  and  even  the  movements  of 
such  bottom  fishes  as  the  tile-fish  will  probably  find  their  explanation 
in  a  knowledge  of  these  physical  characteristics. 

Dr.  H.  V.  Wilson,  a  graduate  of  Johns  Hopkins  University,  was  ap- 
I)ointed  resident  naturalist  at  the  Woods  HoU  Station  in  the  spring  of 
1889,  and  has  served  in  that  capacity  during  the  past  two  years.  The 
laboratory  at  this  place  has,  therefore,  been  kept  constantly  open  dur- 
ing this  entire  period,  and  in  the  summer  months  a  large  number  of 
biologists  have  been  present,  as  in  former  years.  Dr.  Wilson's  studies 
have  been  directed  toward  the  practical  needs  of  the  fish-cultural  oper- 
ations, and  have  related  chiefly  to  the  sea  bass,  the  cod,  and  the  Atlan- 
tic salmon.  A  comprehensive  study  of  the  life  history  of  the  lobster 
has  also  been  taken  up  for  the  Fish  Commission  by  Pro£  F.  H.  Herrick« 
Important  observations  regarding  the  natural  history  of  many  fishes 
and  experiments  relating  to  the  artificial  propagation  of  several  of 
these  have  been  made  by  Mr.  Y.  K.  Edwards.  His  investigations, 
moreover,  have  furnished  conclusive  proof  that  the  hatching  work  of 
the  Fish  Commission  has  been  exceptionally  successful  in  increasing 
the  supply  of  cod  on  the  southern  Kew  England  coast,  and  show  that 
the  larger  fish  resulting  from  these  plantings  will  to  some  extent  enter 
more  shallow  waters  than  are  generally  frequented  by  the  cod,  schools 
of  this  species  now  often  making  their  appearance  in  places  where  they 
were  never  seen  before.  Experiments  relative  to  the  propagation  of  the 
Spanish  mackerel  and  inquiries  regarding  its  embryology  were  in 
progress  in  the  lower  Chesapeake  Bay  during  the  latter  .part  of  June, 
1891,  being  conducted  by  a  party  on  board  the  steamer  Fish  Hawk. 

The  investigations  respecting  the  interior  waters  of  the  country  have 
been  conducted  upon  a  very  extensive  scale  and  with  important  prac- 
tical results,  having  reference  mainly  to  the  fish-cultural  needs  of  the 
regions  which  have  been  examined.  They  have  covered,  to  a  greater 
or  less  extent,  twelve  different  States  and  Territories,  as  follows:  The 
Yellowstone  National  Park,  in  Wyoming;  Colorado,  Utah,  Missouri, 
Arkansas,  Iowa,  Wisconsin,  Indiana,  Ohio,  Kentucky,  Florida,  and 
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Alaska.  The  Alaskan  survey,  the  preparations  for  which  were  de- 
scribed in  my  last  report,  was  specially  authorized  by  Congress  and 
was  executed  during  the  summer  of  1889,  the  work  being  in  charge  of 
Dr.  Tarleton  H.  Bean,  the  ichthyologist  of  the  Oommission.  The  objects 
of  the  inquiry  were  to  study  the  natural  history  of  the  salmon  and  the 
physical  characteristics  of  their  environment,  to  obtain  information 
regarding  the  methods,  statistics,  and  conditions  of  the  fishery,  and  to 
ascertain  the  necessities  and  advantages  of  Alaskan  waters  for  the 
artificial  propagation  of  these  species.  Owing  to  the  difficulties  in  the 
way  of  reaching  their  working  grounds,  the  party  did  not  arrive  at 
Kadiak  until  the  last  of  July,  and  was  thereby  prevented  from  extend- 
ing its  observations  beyond  that  island  and  Afognak.  Considering,  how- 
ever, that  Eiurluk  Biver,  on  Kadiak  Island,  furnished  at  that  time  about 
one-half  the  entire  yield  of  the  territory  in  canned  salmon,  and  that 
ample  opportunities  were  afforded  there  for  making  a  very  thorough 
study  of  the  subject,  the  expedition  was  entirely  successful  in  its  mission. 
The  results  were  reported  to  Congress  during  the  winter  of  1889-90, 
and  in  that  connection  the  Commissioner  recommended  that  action 
be  taken  to  prohibit  obstructions  impeding  or  preventing  the  ascent  of 
salmon  in  the  Alaskan  rivers  to  their  spawning-grounds  and  to  pre- 
vent destructive  methods  of  fishing,  or  that  a  system  of  leasing  fishery 
privileges  under  fixed  regulations  be  inaugurated.  It  was  also  sug- 
gested that  additional  legislation  might  provide  for  an  increased  pro- 
duction of  salmon  by  fish-cultural  methods,  thus  avoiding  the  enormous 
waste  of  eggs  and  young  fish  under  their  natural  conditions,  and  re- 
pairing to  some  extent  the  injury  caused  by  overfishing. 

In  the  majority  of  the  other  inland  investigations  the  Commissioner 
has  had  the  advice  and  cooperation  of  Dr.  David  S.  Jordan,  president 
of  the  Indiana  University,  who  has  also  participated  personally  in  the 
explorations  of  Colorado,  Utah,  and  the  Yellowstone  National  Park 
during  the  summer  of  1889.  During  the  next  summer  Prof.  S.  A.  Forbes, 
director  of  the  laboratory  of  natural  history  of  the  State  of  Illinois,  and 
Pro£  Edwin  Linton,  of  Washington  and  Jefferson  College,  Pennsyl- 
vania, undertook  for  the  Fish  Commission  a  very  detailed  investigation 
of  the  invertebrate  fauna  of  the  Yellowstone  National  Park  from  the 
standpoint  of  the  natural  food  supply  for  fishes.  It  was  considered 
that  the  planting  of  fishes  in  this  region  would  be  largely  dependent 
for  its  success  upon  the  abundance  of  these  lower  organisms,  and  it  is 
very  gratifying  to  be  able  to  announce  that  the  observations  in  this 
respect  were  attended  with  entirely  satisfactory  results. 
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BCBTHODS  AND  8TATI8TZC8  OF  THB  FI8HBRIBS. 

The  conduct  of  this  cUvision  has  continued  under  the  direction  of 
Mr.  J.  W.  Collins,  assistant  in  charge,  but  since  his  designation,  in  Au- 
gust, 1890,  as  the  representative  of  the  Commission  on  the  Government 
Board  of  Control  and  Management  of  the  World's  Columbian  Exposi- 
tion, much  of  the  supervision  of  the  work  has  devolved  upon  Dr.  Hugh 
M.  Smith,  the  principal  assistant  in  the  division,  to  whose  accompa- 
nying report  (pages  173-204)  reference  is  made  for  a  detailed  account 
of  the  nature,  scope,  purposes,  and  results  of  the  work  during  the  period 
under  consideration. 

The  inquiries  have  been  mainly  confined  to  the  collection  and  com- 
pilation of  the  statistics  of  the  fisheries  of  the  United  States,  giving 
the  quantity  and  value  of  the  products,  the  capital  invested,  the  number 
and  nationalities  of  persons  employed,  and  to  the  study  of  the  methods 
and  relations  of  the  fisheries  with  a  view  to  their  improvement. 

The  limited  appropriation  and  the  consequent  small  force  available 
for  this  work  preclude  the  x>os8ibility  of  an  annual  investigation  of  the 
fisheries  of  the  entire  coast  and  inland  waters  of  the  country;  even  if 
this  should  be  attempted,  it  is  open  to  question  whether  the  variations 
in  the  fisheries  from  year  to  year  are  generally  sufficiently  marked,  or 
whether  at  this  time  the  results  would  be  of  sufficient  importance  to 
warrant  the  largely  increased  expenditures  that  would  be  required  to 
properly  conduct  the  work.  Comparative  statistics  are  more  valuable 
when  they  relate  to  definite  intervals  of  time  than  when  they  cover 
successive  years.  The  researches  of  the  Commission,  which  have  been 
addressed  to  every  section  of  the  coast,  furnish  data  for  the  comparison 
of  conditions  at  intervals  of  three  or  four  years  and  the  determination 
of  the  influences  of  the  methods  and  means  employed  upon  the  pros- 
perity of  the  fisheries.  Thus  pursued,  they  furnish  important  material 
which  has  been  or  maybe  useful  as  the  basis  for  the  regulation,  protec- 
tion, maintenance,  and  improvement  of  the  fisheries,  and  for  advancing 
the  physical  and  financial  conditions  of  the  fishermen. 

The  investigations  undertaken  during  the  two  years  covered  by 
this  report  were  more  extensive  than  had  previously  been  carried  on. 
Field  work  was  done  in  twenty- two  States;  complete  studies  of  the 
coast  fisheries  were  made  in  Maine,  Few  Hampshire,  Massachusetts, 
Bhode  Island,  Connecticut,  IN'orth  Carolina,  South  Carolina,  Georgia, 
Florida,  Alabama,  Mississippi,  Louisiana,  and  Texas;  inquiries  begun 
during  the  previous  year  were  brought  to  a  close  in  New  York  and  Cali- 
fornia; and  special  investigations  were  made  in  Maryland,  Yirginiay 
Pennsylvania,  Oregon,  Washington,  and  elsewhere. 
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The  inquiry  on  the  Pacific  coast  placed  the  office  in  possession  of 
definite  information  concerning  the  results  which  have  attended  the 
introduction  of  shad  and  striped  bass  to  that  region  and  disclosed  a 
very  satisfactory  outlook  for  the  establishment  of  important  fisheries 
for  these  species.  Shad  are  now  found  along  the  entire  coast  from 
Monterey  Bay  to  Puget  Sound,  and  are  caught  for  market  in  each 
State.  In  1888,  without  the  use  of  special  apparatus,  over  100,000 
IK>nnds  of  shad  were  taken,  and  the  following  year  the  catch  was  con- 
siderably larger.  Recent  advices  show  that  the  shad  is  annually 
increasing  in  abundance,  and  in  places  has  already  become  one  of  the 
most  important  food-fishes.  The  striped  bass  is  more  restricted  in 
its  distribution  than  the  shad,  and  seems  to  be  found  chiefly  in  San 
Francisco  Bay;  it  has  not  yet  reached  the  commercial  prominence  of 
the  shad. 

The  important  fisheries  of  the  ^New  England  States  were  carefully  can- 
vassed in  the  early  part  of  the  fiscal  year  1890.  Ko  other  investigation 
of  this  region  had  been  made  since  1880;  and  in  view  of  the  changes 
that  had  taken  place  in  the  extent  and  methods  of  the  fisheries  it  was 
considered  desirable  to  secure  Ml  and  precise  information  regarding 
them,  because  of  the  international  questions  in  relation  thereto  then 
pending  or  likely  to  arise.  The  inquiry  covered  the  ocean,  shore,  and 
river  fisheries  of  the  region  and  the  shore  industries  related  to  or  de- 
pendent on  the  fisheries.  Special  studies  were  made  of  the  more 
important  branches,  as  the  sardine  industry,  smoked-herring  trade, 
lobster-canning  business,  etc.,  and  at  Boston  and  Gloucester  a  compre- 
hensive canvass  was  conducted  regarding  the  extent  and  methods  of 
the  wholesale  trades  in  fresh,  salted,  and  smoked  fish,  lobsters,  and 
oysters.  The  decrease  in  the  fishing  industry  of  this  section  which 
has  occurred  since  1880  has  been  largely  in  the  whale  and  mackerel 
fisheries,  while  the  general  branches  are  fully  as  successful  as  formerly. 

The  researches  in  the  South  Atlantic  and  Gulf  States  indicate  a  very 
marked  development  of  the  fisheries  since  the  last  general  investiga- 
tions were  made,  the  advance  in  certain  lines  being  phenomenally 
large.  The  resources  of  both  these  regions  are  only  partly  utilized,  and 
the  fisheries  are  no  doubt  destined  to  undergo  still  further  improve- 
ment in  the  near  future.  Especially  worthy  of  notice  are  the  recent 
increase  in  the  shad  and  oyster  fisheries  and  the  attention  which  the 
subject  of  oyster  cultivation  is  receiving  in  every  State. 

A  number  of  important  papers  relating  to  the  fisheries  were  pub- 
lished during  the  year,  an  analysis  of  which  will  be  found  in  the  report 
of  the  division,  which  also  contains  remarks  on  certain  important  fea- 
tares  of  the  fisheries  during  1889  and  1890,  as  well  as  an  accouiit  of  the 
ousceUaneous  relations  and  work  of  the  office^ 
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FISH-CULTURE. 

The  work  of  this  division  has  continued  under  the  immediate  direc- 
tion of  the  Commissioner.  During  the  year  ending  June  30, 1890,  the 
stations  operated  were: 


1.  Sohoodio  Station,  Me. 

2.  Craig  Brook  Station,  Me. 

3.  Green  Lake  Station,  Me. 

4.  Glonceater  Station,  Mass. 

5.  Woods  HoU  Station,  Mass. 

6.  Cold  Spring  Harbor  Station,  N.  Y 

7.  Gloucester  City  Station,  N.  J. 

8.  Battery  Island  Station,  Md. 

9.  Fort  Washington  Station,  Md. 

10.  Central  Station,  Washington,  D.  C. 

11.  Fish  Ponds,  Washington,  D.  C. 


12.  Wytheville  Station,  Va. 

13.  Sandusky  Station,  Ohio. 

14.  Northville  Station,  Mich. 

15.  Alpena  Station,  Mich. 

16.  D ninth  Station,  Minn. 

17.  Quincy  Station,  111. 

18.  Neosho  Station,  Mo. 

19.  Leadville  Station,  Colo. 

20.  Baird  Station,  Cal. 

21.  Fort  Gaston  Station,  Cal. 

22.  Clackamas  Station,  Oregon. 


During  the  following  year  the  same  stations  were  continued  with  the 
exception  of  that  at  Sandusky,  the  work  conducted  there  being  trans- 
ferred to  the  Commission's  new  station  on  the  island  of  Put-in  Bay, 
Ohio.  The  fish-cultural  work  of  the  Oommission  during  these  years 
was  increased  over  that  prosecuted  during  the  year  1889  by  the  opera- 
tion of  stations  at  Green  Lake,  Me.,  Oloucester  City,  iNT.  J.,  Keosho,  Mo., 
Leadyille,  Colo.,  and  Fort  Oaston^  Cal. 

The  following  tables  show  the  work  done  at  the  respective  stations 
during  the  two  fiscal  years : 

Summary  of  production  fry  stations. 


Species  and  Booroe  of 
supply. 


Scboodio.He.: 

Landlocked  salmon 
Craie  Brook,  Me. : 

landlocked  salmon . 

Atlantic  salmon — 

Von  Behr  iront 

Rainbow  tront 

Loch  Leven  troat  . . 

Brook  troat 

Green  Lake,  Me. : 

Landlocked  salmon. 
Gloncester,  Mass. : 

Cod 

Pollock 

Haddock 

Woods  Holl,  Mass. : 

Sea  bass 

Soap 

Sqaeteagne 

Mackerel 

Taatog 

Cod 

Haddock 

Flatfish 

Lobster , 


1889-90. 


Eggs- 


035,000 


890,000 


10.  000 


250.000 


Fry. 


214,000 


150,000 

14,957,500 

14, 899,  000 

5, 192, 000 

3, 893,  500 
396,000 
227.500 
688, 500 
7:52, 500 

6, 826, 000 
528. 000 

4, 086, 500 

4,511,000 


Adults  and 
yearlings. 


17,380 
91, 395 


747 
1,022* 


1890-91. 


£gga. 


456,900 


Fry. 


113,000 
5,289 


Adalts  and 
yearlings. 


4,251 

3,000 

18,968,000 

14,827,500 

78,500 


36, 416, 000  I 


3, 350, 500 
3, 533, 600  i 


7.367 

123,835 

3,580 


11,297 
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Summary  of  production  by  8taiion» — Continaed. 


Speciea  and  aoarco  of 
•upply. 


Cold  Sprine  Harbor.  K.  Y. : 

Atlantio  salmon , 

Landlocked  aalmon 

Lake  trout 

Loch  Leven  trout 

Glouceater  City,  K.  J. : 

Shad : , 

Battery  Island,  Md.: 

Shad 

fort  Washington,  Md. : 

Shad 

Central  Station,  Washing- 
ton, D.C: 

Shad 

Bainbow  front 

Brook  taroat 

Lake  trout 

Von  Behr  trout 

Landlocked  salmon 

Whitefish 

Smelt 

Yellow  perch 

Fish  Ponds,  Washington, 
D.C.: 

Shad 


Carp 

Goldflah 


Tench 

WytbevillcVa.: 
Bainbow  trout. 
Von  Behr  trout 
Brook  trout . . . 


Carp.... 
Goldfish 


Black  bass 

Bock  bass 

Sandusky,  Ohio: 

Whitefish 

Pike  perch 

Put-in  Bay.  Ohio: 

Whiteflah 

Pike  perch , 

Lake  trout 

KorthriUe,  Mich.: 

Whitefiah 

Lake  trout 

Bainbow  trout 

Von  Behr  trout 

Loch  Leven  trout. . . 

Brook  trout 

Mich.: 

Whitefish 

I>alnth,Minn.: 

Landlocked  salmon. 

Lake  trout 

Von  Behr  trout 

Brook  trout 

Whitefish 

Pikep«reb 

Qnincy,  Hi. : 

Catfish 

Brook  pike 

Bnilklo 

Yellow  perch 

Pike  perch 

White  bass 

Fresh-water  drum  .. 

Black  bass 

Crappie 

Bock  bass 

Sunfish 

Veoaho,  Mo. : 

Kainbow  trout 

Von  Behr  trout 

Lake  trout , 

Carp 

Tench 

Goldflah 


1889-90. 


Eggs. 


Fry. 


12, 637, 000 
34, 446, 000 


158,000 


22,000,000 
19,000,000 


28,400,000 

2,600.000 

12,500 

58,000 

162,000 

266,000 


506,400 

80,000 

470,000 


6,204,000 

12,218,000 

356,000 

23,493,000 


30,500 


18.200 
4,800.00C 


754.000 


30,628,000 
36,200,000 


10,000 
33,600,000 


935.000 


28,000 

24.850,000 

580,000 


Adults  and 
yearlings. 


28,700 

15,972 

24 

39.276 

237 

1,145 

2,330 

1,535 


3,484 


13, 132 
19,143 

6,175 
10,000 

7,800 


1890-91. 


Egga. 


8.250,1)00 
32,361,000 

8,140,000 


195,000 


71,625.000 
58,000,000 


2,285.000 


226,000 

80,000 

110,000 

20,500.000 


11, 116 
70 

2,215 
16,323 

1.000 

10.604 

200 

63,145 

18, 575 

2,854 

6.973 


12,000,000 


Fry. 


482,622 
18,015 

6. 155, 000 

37,747,000 

170,000 


14,972,000 
11,081 
20,744 
87,588 
16,467 
25.274 
3,600,000 
400,000 


10,000,000 

60,000.000 

192,000 


600,000 


24.060.000 

20,000 

358,000 

15,000 


11,330,000 
10, 100, 000 


Adults  and 
yearlings. 


E=a 


800,000 

887,040 

23,029 

1,650 

37,990 


6,931 

1.911 

810 

4,427 


187.805 

4,053 

18,656 

14,776 

16,795 


235,000 


100 


9,958 


44,405 

21,901 

10,802 

2.436 

21,039 

U,925 

500 

1,782 

Yl,W\ 
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Sumnuury  of  production  hy  itations — Continued. 


SpecieB  and  source  of 
supply. 

1881MK). 

1800-81. 

Eggs. 

Fry. 

Adults  and 
yearlings. 

Eggs. 

Fry. 

Adults  and 
yearlings. 

Leadyille,  Colo. : 

Brook  trout.  .•• 

75.000 
1,554,000 

126,881 
84,000 

5,000 
2,088,000 

50,000 

Baird,  Cal.: 

Qnlnnat  salmon 

722,000 
55,000 
4,901,625 

Fort  Gaston,  Cal. : 

Ouinnat  salmon 

ClaokamaSfOreffon : 

Qninnat  waimon .  r .  r  t 

1,000,000 

2,776,475 

766,000 

20,606,000 

700,000 

Conneoticat  River,  car  No.  3 : 
Shad 

Steamer  Fish  Hawk : 

Shad 

3,600,000 

Spanish  mackerel 

776,000 

Collections  In  Idaho : 

Black-SDotted  trout 

1,000 
3.000 

Collections  m  Montana : 
Whiteflsh 

Ctormanv,  gift  of  Herr  von 
dem  Borne: 
Von  Behr  trout 

34,000 
13,000 
15,000 

56,000 

Saibling 

Loch  I^ven  trout 

Germany,  gift  of  Herr  von 
Behr: 
Von  Behr  trout 

... 

29,750 

20,000 
100,000 

Kew  York  Fish  Commission : 
Brook  trout. 

Von  Behr  trout-  ^ . .  ^  t  -  -  r 

* 

DISTRIBUTION  OP  FOOD-PISHES. 

The  results  obtained  by  stocking  public  waters  with  species  of  fish 
which  are  indigenous  to  them  have  been  difficult  of  exact  determina- 
tion; that  good  has  followed  is  shown  by  the  continued  increase  in  the 
value  of  the  fisheries,  demonstrated  by  carefully  collected  statistics. 
In  those  waters  where  species  not  indigenous  were  placed  it  is  clearly 
shown  what  is  possible  of  accomplishment.  For  information  relative 
to  the  acclimation  of  the  shad  and  striped  bass  on  the  Pacific  Coast 
reference  is  made  to  page  175  of  this  report.  Many  of  the  streams  and 
lakes  of  the  Yellowstone  National  Park,  formerly  barren  of  food-fish, 
are  also  now  fiirnishing  an  abundance  of  trout  and  whitefish,  the 
result  of  plantings  of  former  years. 

The  following  table  summarizes  the  work  of  distribution  of  various 
species  of  food-fishes  during  the  two  years  covered  by  this  rei)ort. 
The  large  increase  over  former  years  in  the  number  of  adult  and  year- 
ling fishes  distributed  is  the  result  of  systematic  efforts  in  rearing. 
This  feature  will  continue  to  receive  attention,  it  being  applicable  to 
fresh-water,  marine,  and  anadromous  species.  The  advantage  of  stock- 
ing waters  with  fish  of  a  size  large  enough  to  protect  themselves  or 
to  escape  from  their  enemies  will  be  very  readily  appreciated.  The 
details  of  distribution  will  be  found  in  Tables  A  and  B,  pages  76  to  96 
of  this  report. 
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Year  ending  Jane  30, 1890. 

Year  ending  Jnne  30, 1891. 

SpedM. 

Sggs. 

Fry. 

Adnlto 

and 

year- 

fings. 

Total. 

BggB. 

Fry. 

Adnlts 

and 

yeai^ 

ungs. 

TotaL 

OitflBb 

11,068 
26,316 

11,068 
26,316 

Carp 

338,809 
11,385 
36,561 

338,809 
11,385 
36,561 

Tfflich 

Goldfish 

16,005 
2,195 

*  91,'^' 

17,380 
0,989 

57,635 
6,279 

1,000 

9,866 

13,001 

16,005 

2,195 

70,665,000 

5,394,475 

784,545 

824,480 
94,989 

203,135 
82,279 

1,000 

382,747 

2,493,001 

8,000 

111,501,000 

BoflUo 

Shad 

2,264,000 

2,454,000 

190,000 

345,000 
85,000 

145,500 
76,000 

*68,401,000 

2,940,475 

503,150 

462,100 

837,000 
3,677.900 

t67,035,000 
5,078,525 

800,000 

68,672,000 

9,356,425 

113,835 

408,666 

83,772 

218,361 

204,910 

Qainnat  salmon . . 

113,835 

7,367 
25,772 
56,380 
33,760 

Landlocked  sal- 
mon ....... . 

325,000 

40,000 

150,000 

139,750 

166,289 
18,000 
11,981 
31,400 

liOch  Leven  troot 

Tan  Behr  trout. . 

Blaek-spotted 
trout 

Brook  tront 

Laketront 

8^^1inr 

177,500 

1,075,000 

8,00C 

18,210,000 

195,381 
1,405,000 

50,000 
985,000 

24,831 
1,658,641 

74,153 
416,611 

148,984 
3,060,252 

Wblteilsh 

f^an\%  

93,378,000 

3.000 

75,925,000 

48,702,000 
400,000 

10,000 

124,637,000 
400,000 

Brook  pike 

70 

15,402 

1,000 

YoVooi' 

62,157 

18,06a 

5,097 

6,815 

200 

70 

760,402 

55,731,000 

8,893.500 

10,004 

62,157 

18,066 

5,097 

6,815 

396,000 

200 
227,500 
688,500 

XeUoi^  neroh. . . . 

754,000 

36,730,000 

3,893,500 

9,668 

0,568 

Pfkepereh 

Sea  bass 

i9,o6o,'obo 

70,000,000 

62,400,000 

132,400,000 

White  bass 

Black  bass 

43,731 

20,454 

15,504 

2,262 

43,731 

Crappie 

20,454 

Bock  baas 

15,504 

2,262 

Benn . 

396,000 

Vreah-water 

diTun  .......... 

flniM^tMum4t 

227,500 

088,500 

Ma^erok       "  .. 

xWn  tOff 

776,000 

776,000 

732,000 

21,783,500 

14,899,000 

5,720,000 

4,086.500 

4,511,000 

732,000 

21.783,500 

14,899,000 

5,720,000 

4,066,500 

4,761,000 

Cod..:...."..!.'!. 

55,384,000 

14,827.500 

78,500 

8,350,500 

3,533,500 

66.384.000 

I\)||ork 

14,827,500 

Haddock 

78,500 

iHatfiflb 

8,350,500 

Lobatera 

250,000 

3,533,500 

Total 

44,280,000  261,706,606 

883.942 

306,370,548 

152,129,650 

264,076,667 

2,016,152 

418,222,460 

*  In  addition  to  these  2,144,000  were  deposited  for  rearing  in  the  fish  ponds,  Washington,  D.  C. 
f  Besides  these  2,064.000  were  deposited  for  rearing  in  the  fish  ponds,  Washington,  D.  C. 

In  addition  to  the  foregoing  there  were  fnriiished  for  distribution, 
but  lost  in  transit,  during  the  two  years: 

IiildS9^^: 
6,731,000  shad  try,  50,000  pike  perch  fry,  and  the  foUowing  adults  and  yearling 
fish:  48  catfish,  810  carp,  20  buffalo,  3,250  Atlantic  salmon,  100  landlocked 
salmon,  11  Loch  Leven  trout,  1,531  rainbow  trout,  133  Von  Behr  trout,  101 
brook  trout,  131  lake  trout,  921  yellow  perch,  560  white  bass,  988  black  bass, 
507  crappie,  1,241  rock  bass,  and  158  sunfish;  a  total  of  6,791,510. 

Inl890-dl: 
5,608,000  shad  fry,  7,700,000  pike  perch  fry,  288,000  whitefish  fry,  61,569  lake 
trout  fry,  and  the  following  adults  and  yearling  fish :  6,944  carp,  5,386  gold- 
fish, 172  tench,  10,000  Atlantic  salmon,  300  Loch  Leven  trout,  6,702  rainbow 
trout,  400  Von  Behr  trout,  1,742  brook  trout,  6,694  laketront,  325  perch,  1,415 
blAck  bass,  1,440  crappie,  173  snnfish,  328  rock  bass;  a  total  of  13,599,590. 
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STATION  REPORTS. 
ScHOODic  Station,  Mains  (Charles  G.  Atkins,  Superintendsnt). 

1889-90. 

This  station  was  condncted  jointly  by  the  United  States  and  Maine 
and  New  Hampshire.  Operations  were  began  September  1, 1889,  and 
871  landlocked  salmon  were  canght  and  impounded.  Of  these,  557 
were  females,  firom  which  1,215,455  eggs  were  obtained  by  November 
24.  The  losses  were  163,005,  there  remaining  in  February,  1890, 
1,052,450  good  eggs,  of  which  the  State  of  Maine  received  48,000,  New 
Hampshire  73,000,  and  the  United  States  931,450.  Of  those  belong- 
ing to  the  United  States,  635,000  were  distributed  to  various  State  fish 
commissions  and  other  hatcheries,  as  mentioned  in  the  details  of  dis- 
tribution (pages  75  to  96).  One  shipment  of  20,000,  sent  to  Fort  Gaston 
Station,  California,  was  a  total  loss,  as  a  result  of  detention  while  en 
route,  the  losses  on  the  other  twenty  shipments  amounting  to  but  4,246 
eggs.  The  296,450  eggs  retained  produced  214,000  fry,  which  were  able 
to  take  food  at  the  time  of  their  release  in  local  waters,  in  June,  1890. 

Table  of  ttpawning  operations  at  SChoodio  Station,  Maine,  1889-90, 


Date. 


1889. 

Oct    27 

28 

20 

30 

31 

Nov.    1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


Tempera- 
tare, 
7  a.m. 


Fish  at  first  handling. 


oF. 
47 
60 
40 
38 
38 
38 
35 
60 
40 
42 
35 
36 
39 
40 
33 
34 
40 
46 
44 
32 
21 
24 
33 
31 
39 
46 
38 
38 
86 


6 


OF. 
47 
51 
47 
47 
44 
44 
45 
48 
47 
46 
45 
44 
44 
42 
42 
42 
iZ 
44 
44 
43 
37 
37 
B8 
38 
39 
41 
40 
41 
40 


o 


18 

19 

28 

96 

44 

16 

34 

14 

31 

23 

20 

13 

37 

39 

66 

30 

39 

38 

66 

51 

63 

6 

4 

3 

8 

6 

6 

5 


71 


13 

14 

19 

41 

21 

9 

23 

7 

19 

13 

10 

8 

16 
14 
12 
6 
6 
9 
8 
4 
4 
1 
1 


I 
1 


821   280 


Females. 


I 


5 

5 

9 

55 

23 

6 

11 

7 

12 

10 

10 

5 

22 

25 

54 

24 

33 

29 

58 

47 

50 

5 

3 

3 

7 

6 

5 

4 


& 

p3 


2 


1 

1 

2 

1 

3 

3 

1 

4 

4 

3 

12 

14 

23 

14 

13 

12 

16 

18 

23 

1 

2 

.... 

3 
8 

1 


I 


3 

5 
7 

54 

21 

4 

8 

4 

11 


2 
10 
11 
26 
10 
18 
13 
33 
26 
31 
1 
1 

"4 
1 


541       181 


317 


1 

i 


1 
i 


1 


3 


2 

4 
0 
3 
5 
3 

'3 
2 

1 
2 
2 


43  !    7 


Females  spawned. 


s 


1 
2 
2 
4 

9 
3 
10 

6 
19 
21 
33 
25 
37 
34 
24 
38 
40 
40 
49 
17 
30 

6 

8 

10 
21 

6 
11 


a 


2 


2 
5 

8 

4 

10 

6 

17 

21 

34 

26 

34 

35 

24 

37 

40 

37 

51 

21 

33 

6 

7 

22 

21 

6 


& 


517   512 


2 
1 
8 
7 
2 
9 
8 
2 
4 
9 
7 
11 
2 
4 
3 
2 


2 


80 


4* 

1 

1 

1 

^ 

£ 

Lb,  Oz. 

0     2 

1,982 

0     8 

1,288 

0    11 

1,771 

0    12 

1,S32 

1    15 

4,908 

3    12 

9,668 

6      1 

15,620 

4     0 

10,812 

8      0 

20,824 

4      4 

10,968 

12    12 

82,868 

14     7 

37,210 

27    18 

71,600 

26     6 

87,833 

29      9 

76, 2U 

28      6 

73,150 

21      0 

66,587 

32      3 

82,970 

31    14 

82,160 

35      7 

91,  SOT 

39      7 

101,667 

20    16 

53,  yS 

22      6 

57,682 

10    14 

28,034 

8    10 

22,234 

12      6 

81,902 

17      6 

44,792 

38    14 

100,218 

9      7 

24.774 

471      6 

1.216,466 
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The  weighing  and  measuring  of  825  mature  sahnon  (312  males  and 
513  females)  gives  the  following: 


ATerage  weight  of  males  .pounds .  3. 98 

Average  weight  of  fenudeB . .  do . . .  3. 91 

Weight  of  heayieet  male do . . .  6. 00 

Weight  of  heaviest  female . .  do . . .  C.  50 

Weight  of  lightest  male do. . .  1. 91 

Weight  of  lightest  female . .  .do . . .  2. 00 


Average  length  of  males .  .inches.  21. 30 
Average  length  of  females . .  do . . .  20. 60 

LengUi  of  longest  male do. . .  26. 00 

Length  of  longest  female. . .  .do. . .  24. 00 
Length  of  shortest  male  . . .  .do . . .  16. 00 
Length  of  shortest  female. .  .do. . .  17.  00 


At  the  close  of  the  fishing  season  in  November,  1889,  a  new  depar- 
ture was  made,  being  the  restripping  of  the  fish  prior  to  their  liberation 
from  the  inclosures.  Most  of  the  females  were  found  to  contain  eggs, 
the  aggregate  amounting  to  33  x>ounds,  or  about  75,000  in  number.  In 
development  these  eggs  proved  to  be  quite  as  good  as  those  taken  pre- 
viously. 

1890-91. 

Active  work  was  begun  October  29, 1890,  and  between  that  date  and 
November  18,  510  landlocked  salmon  were  captured.  Of  this  number 
371  were  females,  which  yielded  778,796  eggs.  In  March,  1891,  there 
remained  649,906  good  eggs,  of  which  163,000  were  retained  for  hatch- 
ing and  liberation  in  local  waters,  and  29,000  turned  over  to  the  Maine 
fish  commissioners.  The  remainder,  456,900  eggs,  were  mainly  con- 
signed to  various  fish -hatcheries,  national.  State,  and  private,  enumer- 
ated in  the  details  of  distribution;  the  eggs  reserved  were  hatched,  and 
in  June  the  fiy  were  released  in  local  waters,  with  the  exception  of 
50,000,  which  were  held  in  rearing  troughs  beyond  the  present  year. 
Two  thousand  of  the  fry  retained  were  derived  from  eggs  taken  at  the 
final  stripping  of  the  brood  salmon  prior  to  their  release  in  November, 
1890,  and  were  placed  apart  for  purposes  of  observation.  They  were 
discovered  to  suffer  a  less  mortality  during  June  than  the  others;  the 
death  rate  during  that  month  among  the  larger  number  being  15  to 
each  2,000,  while  the  loss  of  these  2,000  fish  obtained  from  the  late  eggs 
was  but  3.  A  x>ortion  of  the  eggs  which  produced  the  fry  under  con- 
sideration must  have  remained  in  the  parent  fish  nearly  a  month 
subsequent  to  the  dates  when  the  brood  fish  were  first  relieved  of  their 
spawn. 

Craxo  Brook  Station,  Maine  (Charles  G.  Atkins,  Superintendent). 

In  the  report  for  1889  reference  was  made  to  the  intention  to  establish 
ax)ermanent  station  at  this  point  and  to  purchase  the  property  then 
under  lease.  Congress  by  act  approved  March  2, 1889,  having  appro- 
priated $11,000  <<  for  the  purchase  of  ground,  construction  of  buildings 
and  ponds,  and  purchase  of  equipment  of  fish-hatchery  and  rearing 
stations  near  Craig  Brook,  Beed  Pond,  and  Branch  Pond,  Maine;" 
and  the  agreement  of  the  owner  of  the  Craig  Brook  property  to  sell  the 
same  to  the  United  States  having  been  obtained,  the  Attomey-Ceneral 
was  requested  to  have  the  title  examined  and  the  proper  transfer  made. 
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This  was  done,  aud  the  site  became  vested  in  the  United  States  by 
deed  of  Thomas  Partridge,  dated  September  4, 1889. 

Active  operations  in  constrnction  were  immediately  commenced. 
Daring  the  year  ending  Jane  30, 1890,  the  principal  items  were,  a  one- 
story  boilding  24  feet  by  50  feet  for  the  rearing  of  live  food  (maggots) 
for  the  young  fish;  for  use  in  connection  therewith,  an  ice-house  11  feet 
by  13  feet;  a  storage-house  12  feet  by  20  feet;  a  cellar  20  feet  by  20 
feet  for  the  wintering  of  the  live  food;  two  small  buildings  15  feet  by 
31  feet,  and  15  feet  by  20  feet,  one  for  use  as  a  mess-house  for  the  em- 
ployes of  the  station  and  the  other  as  an  office  and  quarters  for  the 
station's  foreman;  a  shed  20  feet  by  50  feet,  with  cellar,  and  fitted  with 
hogshead  tanks  for  the  wintering  of  fish;  a  timber  dam  at  Oraig  Pond, 
with  penstock  running  60  feet  into  the  x)ond,  permitting  the  water  to 
be  drawn  from  the  pond  at  a  depth  of  4  feet  below  the  surface;  a  stone 
dam  across  the  brook,  above  the  hatchery,  to  which  the  water  was  led 
by  an  d-inch  aqueduct  about  425  feet  long;  a  stand  of  100  outdoor 
rearing  troughs;  a  stone  foundation  for  superintendent's  dwelling;  a 
number  of  ponds,  grading,  etc. 

During  the  year  ending  June  30, 1891,  plans  and  specifications  were 
prepared  for  the  superstructure  of  the  superintendent's  dwelling  and 
office  and  a  stable,  and  a  call  for  proposals  for  the  construction  of  the 
same  was  duly  advertised  on  September  16,  1890,  but  no  response 
thereto  was  received  at  the  date  fixed  for  their  opening,  October  15. 
Owing  to  the  lateness  of  the  season  readvertisement  was  deferred  till 
January  13, 1891.  In  answer  to  this  three  bids  were  received.  The 
lowest  bid  was  that  of  Carlton  McGown,  of  Ellsworth,  Me.,  at  $3,970 
for  the  dwelling  and  $995  for  the  stable.  In  view  of  the  limited  ftuids 
for  this  work  the  building  of  the  stable  was  deferred  and  contract  was 
made,  under  date  of  March  5,  1891,  for  the  dwelling  only.  The  plans 
called  for  a  neat  two-story  cottage  of  ten  rooms,  with  woodshed,  etc, 
in  the  rear.  Work  on  the  same  was  promptly  begun.  The  farmhouse 
on  the  property  when  purchased  has  received  some  repairs  and  is  avail- 
able for  quarters  for  the  employes.  The  series  of  rearing  x>ond8  on  the 
slope  of  the  south  bank  of  the  brook,  commenced  in  the  fall  of  1890,  was 
completed.  They  are  about  15  feet  by  50  feet  in  size  and  nineteen  in 
number,  and  receive  their  water  supply  from  the  brook  through  a  pipe 
conduit.  A  road  from  the  station  to  the  town  road  was  constructed 
and  other  improvements  tending  to  the  development  of  the  station  were 
made. 

An  additional  appropriatioD  of  $14,000  was  made  for  these  i^>ecial 
constructions  at  Craig  Brook  and  Green  Lake  by  the  act  approved  Au- 
gust 30, 1890. 

The  active  fish-cultural  work  of  the  station  during  the  period  covered 
by  this  report  follows. 
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1889-90. 

Daring  this  year  the  fish-cultural  work  embraced  the  propagation  of 
the  Atlantic  and  landlocked  salmons  and  the  brook  and  rainbow  trouts, 
the  Swiss  lake  trout,  the  saibling,  and  the  Loch  Leven  trout.  The 
adult  Atlantic  salmon,  purchased  jointly  by  the  United  States  and  the 
State  of  Maine  in  the  summer  of  1889,  410  in  number,  were  inclosed  at 
Dead  Brook,  and  in  the  following  October,  the  commencement  of  the 
spawning  season,  292  were  recovered.  Of  these,  186  were  females,  which 
produced  1,904,000  eggs.  In  February,  1890,  there  remained  1,733,675 
good  eggs,  which  were  divided  between  the  subscribers,  Maine  receiv- 
ing 600,000  and  the  United  States  1,137,169.  Of  these  latter,  890,000 
were  consigned  to  various  State  and  other  hatcheries,  and  247,159  re- 
tained for  hatching  and  subsequent  liberation  in  local  waters. 

Besides  the  Atlantic  salmon  eggs  jiroduced  there  were  received  and 
developed  eggs  as  follows:  3,500  of  the  saibling  and  7,400  of  the  Swiss 
lake  trout,  presented  by  Herr  Max  von  dem  Borne,  of  Germany;  18,300 
(tf  the  Loch  Leven  trout,  transferred  from  the  North ville  Station,  Mich- 
igan, and  56,300  of  the  landlocked  salmon  from  the  Schoodic  Station, 
which  were  hatched  and  reared  for  the  stations  at  Green  Lake  and 
Craig  Brook.  To  accommodate  the  fry  anticipated  from  this  large  num- 
ber of  eggs  from  June  till  October,  1890, 100  new  troughs  were  built, 
increasing  their  total  to  163.  These  troughs  were  8  inches  deep,  12| 
inehes  wide,  and  10  fleet  long,  with  a  capacity  of  2,000  fry.  Only  1 1  of 
the  troughs  were  under  shelter,  but  those  in  the  open  air  were  provided 
wit^  double  lids,  which  form  a  peak  when  closed. 

The  incubation  of  the  eggs  was  without  event  until  the  yolk  stage 
was  reached.  May,  1890,  when  they  were  attacked  by  a  disease  hitherto* 
unknown  here  and  by  which  30  per  cent  of  the  stock  was  destroyed  in 
sixty  days.  The  epidemic  first  appeared  among  the  Atlantic  salmon, 
but  ultimately  affected,  and  with  greater  fatality,  the  landlocked  sal- 
mon, saibling,  and  Swiss  lake  trout.  Prior  to  the  appearance  of  the 
disease  the  fry  had  been  counted  and  set  apart  in  lots  of  1,000  to  4,000, 
and  while  some  lots  were  wholly  destroyed,  others  were  but  partially, 
and  still  others  escaped  entirely. 

The  rearing  operations. were  successftd.  Of  the  original  stock  of 
144,256  fish,  chiefly  of  the  previous  year's  hatching,  113,139  were  on 
hand  October  and  November,  1889,  when  most  of  them  were  liberated 
in  local  waters.    The  percentages  saved  are  shown  below : 


Atlaotie  Mlmon . . . 

Do 

Landlocked  salmon 

Do 

Kainbow  troat 

niwri^  trout 


Totia 


Age  at  start. 


One  year.-.. 
In  the  egg . 

One  year 

In  tlie  egg . 

— do 

...do 


Number 

Number 

Per  cent 

at  start. 

at  close. 

saved. 
89 

1,520 

1,356 

109,965 

91,856 

83 

80 

78 

07 

26,191 

17,630 

68 

2,500 

947 

38 

4,000 

1,272 

32 

144,256 

118, 139 

78 

H.  Mis.  113- 
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The  heaviest  losses  having  occurred  among  the  species  derived  from 
eggs  received  from  a  distance^  viz,  the  rainbow  and  brook  troat,  it  is 
inferred  that  packing  and  transportation  were  factors  in  the  greater 
mortalities  shown,  especially  since  the  smallest  loss  occnrred  among 
the  Atlantic  salmon,  which  were  produced  from  eggs  taken  at  the 
station. 

When  liberated,  the  Atlantic  salmon  were  deposited  in  neighboring 
brooks.  The  landlocked  salmon,  with  the  exception  of  a  few  hundred, 
were  taken  across  the  country  and  placed  in  Green  Lake.  Of  thell3,139 
reared  fish,  14,139  were  still  further  retained  for  winter  feeding,  among 
them  some  of  each  kind  and  age.  These  were  placed  in  special  tanks, 
with  the  exception  of  a  few  which  were  kept  in  the  open-air  troughs 
till  late  in  the  winter.    The  mortality  during  this  period  was  smalL 

1S90-91. 

The  collection  of  Atlantic  salmon  eggs  was  conducted  with  the  coop- 
eration of  the  States  of  Maine  and  Massachusetts.  It  having  been  de- 
termined to  devote  more  attention  to  the  rearing  feature,  it  was  decided 
to  reduce  the  egg-collecting  to  a  scale  commensurate  with  the  capacity 
of  the  station,  but  a  smaller  number  of  eggs  was  obtained  than  was 
desired,  owing  to  the  scarcity  of  adult  salmon,  only  133  being  secured. 
At  the  spawning  time,  October  1890,  77  of  these  remained  alive  in  the 
inclosures,  of  which  52  were  females,  yielding  553,400  eggs.  The  good 
eggs  remaining  in  January  were  divided,  Maine  receiving  264,000, 
Massachusetts  133,000,  and  the  United  States  134,218.  The  share  of 
the  United  States  was  increased  by  the  Maine  commissioners,  who  con- 
tributed 183,000  for  purposes  of  hatching  and  rearing. 

In  addition  to  the  salmon  eggs,  there  were  also  produced  23,146  of 
the  brook  trout  from  fish  artificially  reared.  These  and  other  eggs  re- 
ceived at  the  station  are  noted  in  the  list  below: 


Kind. 


Atlantic  salmon 

Landlocked  salmon. . . 

Brook  trout 

Loch  Leven  tront . . . . 

Von  Behr  troat 

Soottiah  sea  trout . . . . 


Total. 


Source. 


Produced  at  station 

Grand  Lake  Stream  Station. 

Produced  at  station 

Northville  Station 

Germany 

Scotland 


Original 
number 
of  eggs. 


Number 
hatched. 


317, 218 
21,906 
23,146 
16,583 
15, 119 
12, 374 


316.308 
21,824 
14,524 
16,457 
13.884 
9,887 


406,848   892,804 


Both  the  Von  Behr  and  Loch  Leven  trout  eggs  arrived  in  poor  con- 
dition, having  already  commenced  hatching,  and  gave  practically  no 
results.  All  other  eggs  were  good,  and  the  epidemic  usually  incident 
to  the  months  of  May  and  June  of  former  years  did  not  occur.  About 
150,000  fish  of  the  hatching  of  1890  were  cared  for  in  rearing  troughs 
till  the  present  fiscal  year,  all  being  liberated  in  October,  1890,  except 
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14,736  Atlantic  salmon,  490  landlocked  salmon,  31  saibling,  490  Swiss 
lake  trout,  and  490  Loch  Leven  trout,  which  were  further  held  for 
observation  during  the  winter  months.  Their  history  while  subjected 
to  rearing  methods,  from  June  to  October,  1890,  is  shown  below: 


Kind. 


Atlantic  aafanofii . . . , 
LandloQked  Mlosoa 

Siablinff. 

Swiss  lake  tront. . . 
Ijooh  Leven  trout . 

Total 


Stock 
Julyl. 


247, 159 

56,383 

2,635 

6,821 

17,889 


830,867 


Stock 
October  1. 


12i.267 

7,849 

41 

3,916 

11,797 


147,870 


Per  cent 
saved. 


50 
U 
2 
57 
66 


45 


In  addition,  there  were  brought  over  from  the  last  fiscal  year  1,471 
fish,  1  and  2  years  old,  which  are  included  in  the  following  statement: 


Kind  of  flsh. 

Original 
number. 

Locally  dis- 
tributed. 

Trans- 
ferred. 

Beserved 
and  on 

hand  July 
1, 1891. 

A  tiAti  tie  AAlmon  nf  1 8Rfl 

73 

718 

124,267 

816,308 

78 

180 

7,849 

21,824 

180 

240 

14,524 

41 

8,916 

11,797 

16,457 

13,824 

9,867 

66 

1889 

675 
108,226 

1890 

20,829 

100 

289,249 

68 

126 

429 

12,166 

176 

218 

1,381 

19 

179 

480 

10,862 

1,085 

97 

1891 

Landlocked  salmon  of  1888 

1889 

1800 

1891 
Ksinbov trwit 0^  199D  ..^. '*!''!!' 

7,387 

10 
5,289 

Brook  teont  of  1889 

1891 

4,861 
10 

Saibling  of  1880 

Swiss  lake  txont  of  1880 

8,580 
11,297 

Locb  Leven  trout  of  1890 

10 

1891 

Von  Behr  tnrat  of  1891 

Soottislisea  teontof  1891 

Total 

541,645 

185,780 

29,860 

316,701 

In  July,  1890,  the  water  temperature  rose  to  a*maximum  of  72^  F.  in 
rearing  troughs  fed  from  Craig  Brook.  In  conduits  supplied  in  part  by 
spring  water  the  temperature  was  69^,  and  after  passing  through  four 
rearing  troughs  in  succession  it  was  72^.  In  August  the  water  in  the 
hatchery  was  58^  to  76^;  in  open-air  troughs,  59^  to  75^;  and  in  the 
ponds  58^  to  74^^.  Exx)erimental  lots  of  salmon  fry  were  kept  in  two 
neighboring  streams,  and  in  one  of  them,  at  East  Orland  Bridge,  the 
water  rose  August  4  to  82<^  without  injuring  them.  The  September 
temperature  was  69^  to  530;  October,  63^  to  46^;  November,  as  low  as 
370,  from  24th  to  29th  5  January,  32 Jo  to  35^,  with  nearly  all  the  fish 
remaining  in  the  open-air  troughs ;  February,  32^°  to  36°,  with  weather 
comparatively  mild  and  the  ice  on  Alamoosook  Lake  29^  inches  thick. 
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Green  Lake  Station,  Maine  (C.  G.  Atkins  and  H.  H.  Buck,  Superintendents). 

By  act  approved  March  2,  1889,  to  which  reference  has  been  made 
under  Craig  Brook  Station^  Congress  directed  the  establishment  of  a 
fish-hatchery  near  Reed  Pond  or  Branch  Pond,  Maine.  On  August  22, 
1889,  Mr.  Charles  G.  Atkins,  superintendent  of  Craig  Brook  Station, 
was  instructed  to  proceed  to  the  localities  mentioned,  with  a  view  to 
their  examination  aud  the  submitting  of  a  report,  with  recommenda- 
tions as  to  the  site  desirable  to  be  acquired.  Bead  Pond,  or  Green 
Lake,  was  reported  as  being  the  best  location,  and  one  to  which  land- 
locked salmon  are  native.  Tlie  stream  in  which  they  spawn  (Great 
Brook)  is  one  of  the  finest  in  that  region.  Branch  Pond  failed  to  fur- 
nish the  necessary  requirements  for  fish-cultural  work,  and  its  further 
consideration  was  waived.  Mr.  Atkins  recommended,  therefore,  that  the 
location  of  the  permanent  station  be  in  the  vicinity  of  Green  Lake, 
calling  attention  to  sites  at  Great  Brook,  the  spawning-ground  of  the 
landlocked  salmon,  about  the  center  of  the  lake,  and  at  Mann  Brook, 
near  the  station  on  the  Maine  Central  Railroad,  at  its  extreme  north- 
western end. 

After  due  consideration  of  the  recommendations,  the  Commissioner 
determined  upon  the  site  at  Great  Brook,  and  on  December  6  directed 
that  negotiations  be  oi)ened  for  the  purchase  of  the  necessary  land  and 
water  privileges.  The  site  selected  takes  in  the  whole  of  the  stream  of 
Great  Brook  on  both  sides,  running  from  Rocky  Pond  to  Green  Lake, 
securing  the  outlet  to  Rocky  Pond,  with  all  privileges  of  damming,  etc., 
and  embracing  a  territory  of  about  820  aeres.  Definite  proposal  to  sell 
was  received  on  April  25, 1890,  and  on  the  20th  of  the  following  month 
the  papers  were  referred  to  the  Attorney-General,  with  the  request 
that  the  title  to  the  property  be  examined  and  arrangements  made  for 
the  transfer  of  the  same  to  the  United  States.  In  accordance  with 
agreement  with  the  owners,  a  survey  of  the  property  for  the  determina- 
tion and  establishment  of  its  bounds  was  made  in  August,  1890.  The 
examination  of  the  title  was  completed  in  May,  1891,  and  the  purchase 
money  passed.  Plans  and  specifications  were  prepared  for  the  con- 
struction of  the  dwelling  house,  stable,  and  box  flume  to  bring  the 
necessary  supply  of  water  from  Rocky  Pond  to  the  hatchery.  Adver- 
tisements calling  for  proposals,  to  be  opened  on  May  21, 1891,  were 
X)ublished,  commencing  April  23.  The  lowest  bids  received  were  those 
from  Mr.  Carlton  McGown,  for  the  construction  of  the  flume,  at  97| 
cents  per  running  foot,  and  from  Mr.  Austin  M.  Foster,  for  the  hatch- 
ery, dwelling  house,  stable,  etc.,  both  of  these  gentlemen  doing  busi- 
ness in  Ellsworth,  Me.  Mr.  McGown,  however,  owing  to  ill  health, 
declined  to  execute  the  contract  for  the  flume,  and  one  was  entered 
into  with  Mr.  Foster,  at  the  rate  given  in  the  bid  of  Mr.  McGown,  who 
made  good  to  Mr.  Foster  the  difference  between  their  bids.  On  account 
of  this  decliuatiou  to  execute  the  contract  some  delay  was  caused,  but 
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on  the  2Qth  of  Jtme  it  was  duly  signed  by  Mr.  Foster.  For  the  hatch- 
^7  the  price  was  $4,174.80;  for  the  dwelling  house,  $3,007;  and  for 
the  stable  and  tool-house,  $1,317,  contract  for  whi(^h  was  made  June  13, 
1891.  The  flume,  which  will  have  a  length  of  nearly  7,050  feet,  will 
aggregate  a  cost  of  about  $6,800. 

1889-90. 

Pending  the  acquirement  of  a  site,  i  t  was  decided  to  begin  iish-cultural 
operations  at  Green  Lake  in  the  fall  of  1889.  A  camp  was  established 
on  the  lower  part  of  Great  Brook  for  the  collection  of  eggs,  arrange- 
ments being  made  by  erecting  barriers  to  prevent  the  further  ascent 
of  the  salmon  and  an  indosure  for  their  retention  till  ready  to  spawn. 
For  the  development  of  the  eggs  secured  a  cheap  structure  containing 
the  necessary  trough  space  was  put  at  Mann  Brook. 

Operations  in  spawn-taking  were  begun  November  4,  and  in  eleven 
days  2d4,700  eggs  were  produced  from  75  females,  the  catch  of  males 
being  50.  The  eggs  developed  slowly,  the  water  being  very  cold.  On 
April  8, 1890, 10,000  eggs  were  forwarded  to  Cold  Spring  Harbor,  N.  Y., 
and  from  those  remaining  there  were  produced  150,000  fry,  which 
were  liberated  in  Green  Lake,  in  June.  In  October,  1889,  a  consign- 
ment of  landlocked  salmon  and  rainbow  trout,  which  had  been  held  at 
Craig  Brook  Station  till  7  months  old,  was  received  and  liberated 
in  Green  Lake  and  tributaries. 

Upon  weighing  and  measuring  the  Green  Lake  salmon  it  was  found 
that  they  were  twice  the  size  of  those  of  Grand  Lake  Stream,  69  fuU- 
roed  females  averaging  7.8  pounds  in  weight  and  25.5  inches  in  length; 
the  average  weight  of  50  males  being  5.01  pounds,  and  their  length 
22.3  inches.  One  female  weighed  11  pounds  9  ounces  and  measiu*ed  30 
inches;  another,  11  pounds  6  ounces  in  weight,  was  30^  inches  long; 
one  male  reached  13  pounds  8  ounces  in  weight  and  was  31  inches  long. 

1890-91. 

The  production  of  landlocked  salmon  eggs  between  October  31  and 
November  21, 1890,  was  185,000.  The  fry  from  these,  with  the  excep- 
tion of  3,000  released  June  10, 1891,  on  account  of  fungus,  were  kept  in 
rearing  troughs  beyond  the  termination  of  the  present  fiscal  year.  The 
adult  flsh  captured,  46  females  and  21  males,  were  again  found  to  be  of 
large  size,  the  former  averaging  7  pounds  in  weight  and  25.2  inches  in 
length,  and  the  latter  6  pounds  9  ounces  in  weight  and  25.1  inches  in 
length,  while  3  females  and  4  males  were  in  excess  of  10  pounds  weight 
each.  At  the  close  of  spawn-taking,  in  Kovember,  the  barriers  were 
removed  and  these  brood  fish  set  free  in  the  lake.  Another  consign- 
ment of  reared  fish,  7  months  old,  consisting  of  Swiss  lake  trout,  land- 
locked salmon,  and  Loch  Leven  trout,  was  received  in  October,  1890, 
from  Graig  Brook  Station  and  placed  in  Green  Lake  and  its  tribu- 
taries. 
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The  station  remained  under  the  saperintendency  of  Mr.  Atkins  till 
January^  1891,  when,  the  other  work  intrusted  to  his  charge  requiring 
more  of  his  time,  it  was  placed  under  the  conduct  of  Mr.  Buck. 

Oloucsstbr,  Mass.,  Station  (A.  C.  Adams,  commanding  sohoonkr  Grampus^ 

IN  CHABOB). 

1S89-90. 

In  the  conduct  of  oi>erations  at  this  station  the  work  of  collecting 
eggs  devolved  upon  the  officers  and  crew  of  the  schooner  Orampus  and 
covered  the  x>eriod  from  September,  1889,  to  May,  1890.  The  fishing- 
grounds  were  visited  by  the  Orampusy  and  the  brood  fish  obtained  by 
hand  lines  and  held  in  the  ship's  well,  being  afterwards  transferred  to 
live-cars  at  the  station.  The  supply  of  eggs  from  this  source  being  in- 
adequate, owing  to  the  limited  catch,  hand-line  fishing  was  discontinued 
and  arrangements  were  made  to  secure  the  eggs  from  the  vessels  of  net 
fishermen,  the  Orampus  each  morning  visiting  the  fishing-grounds 
situated  8  miles  S.  by  W.  of  Eastern  Point  Light,  where  the  greater 
part  of  the  crew  were  distributed  among  the  fishing  vessels  for  spawn- 
taking,  due  comx>ensation  being  made  the  fishermen  for  eggs  and  ac- 
commodations. Between  October  18  and  January  3,  42  such  trips 
were  made  with  the  Orampus,  By  January  1  it  was  found  desirable  to 
utilize  a  larger  proportion  of  the  Orampus  crew  as  spawn-takers,  and 
after  that  date  the  vessel  anchored  near  the  station  and  each  morning 
the  spawn-takers  were  put  aboard  the  fishing  vessels  as  they  were 
about  to  sail  out  of  the  harbor. 

PoZtocfc— Eggs  were  first  taken  October  18, 1889.  By  December  20 
181  ripe  fish  had  been  handled,  from  which  40,166,300  eggs  were  ob- 
tained, and  tsj  produced  to  the  number  of  14,899,000. 

Cod. — ^The  collection  of  cod  eggs  extended  from  October  23, 1889,  to 
May  6,  1890,  during  which  time  14,957,000  fry  were  produced  firom 
47,556,000  eggs,  derived  from  242  fish.  The  period  of  greatest  success 
in  hatching  was  during  the  month  of  January,  when  60  i>er  cent  of  fry 
were  produced  from  all  eggs  taken.  During  a  short  period  in  February 
the  proportion  of  spawning  fish  was  greatest.  Eggs  were  transferred  to 
Woods  Holl  Station,  February  2  to  9,  to  the  number  of  3,198,700,  and  on 
April  4  a  further  consignment  of  687,400  to  the  same  place  was  made. 

SaMock. — Spawning  fish  were  obtained  from  February  13  to  May  7, 
240  females  producing  30,322,000  eggs,  from  which  5,192,000  fry  were 
hatched.  In  the  manipulation  of  all  of  these  species  difficulty  was 
experienced  from  sediment,  which  caused  many  eggs  to  sink,  more 
especially  of  the  cod  and  pollock.  After  the  cessation  of  storms  many 
eggs  which  had  sunk  were  cleaned  and  restored  to  the  surface  by  means 
of  increased  circulation  of  water.  Great  interest  in  this  work  was 
manifested  by  the  fishermen,  who  extended  many  courtesies  to  the 
Oommission's  spawn-takers. 

On  May  15  the  hatchery  was  closed. 
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1890-91. 

The  egg-coHections  were  again  made  by  the  officers  and  crew  of  the 
schooner  Orampus,  From  December  9^  1890,  to  January  20,  1891, 
the  second  mate  and  three  seamen  were  stationed  at  Kittery  Point, 
Maine,  to  collect  eggs  from  Ipswich  Bay  and  forward  them  by  rail  to 
Gloucester.  The  remainder  of  the  spawn-takers  were  engaged  collect- 
ing from  the  nets  of  fishermen  from  Gloucester. 

PoUocJc. — Eggs  were  first  taken  October  31, 1890,  and  in  the  twenty- 
nine  days  following  38,054,700  were  delivered  for  hatching.  The 
spawning  fish  were  principally  taken  in  nets  near  Baker  Island,  a  few 
being  taken  on  hand  lines  to  the  southward  of  Thatcher  Island. 

Haddock, — ^But  few  haddock  eggs  were  obtained  prior  to  the  close  of 
the  station,  April  1,  the  appearance  of  the  schools  of  fish  on  the  grounds 
being  later  than  usual.  On  April  5  schools  of  haddock  in  fine  condi- 
tion made  their  appearance  and  remained  accessible,  along  with  a 
smaller  proportion  of  cod,  till  after  June  1.  The  production  of  eggs 
was  1,154,100,  which  were  obtained  off  Thatcher  Island  and  Gloucester, 
the  adult  fish  being  associated  with  codfish,  though  often  found  5  to 
10  miles  farther  ofishore. 

Cod, — Beginning  November  26, 1890,  eggs  were  obtained  to  the  num- 
ber of  110,112,300.  Early  in  December  two  trips  were  made  with  the 
€hrampu8  to  Ipswich  Bay,  resulting  in  the  collection  of  nearly  10,000,000 
eggs.  After  this  time  such  large  quantities  were  secured  from  the  two 
sources  that  the  hatchery  was  twice  overrun,  the  receipts  December  1 
to  15  being  nearly  19,000,000,  while  from  January  6  to  21  the  numbers 
brought  in  ran  from  1,000,000  to  10,000,000  per  day.  About  16,000,000 
were  received  overland  from  Kittery  Point,  Maine,  a  journey  of  five 
hours  by  railroad. 

More  than  43,000,000  cod  eggs  were  sent  to  the  Woods  Holl  Station 
during  the  season,  but  they  produced  only  150,200  fry.  Nearly 
15,000,000  eggs  gathered  at  Ipswich  Bay,  and  shipped  from  Kittery 
Point,  Maine,  to  Gloucester,  an  equal  journey  by  rail,  develoi)ed  at  the 
Gloucester  Station  over  20  per  cent  of  fry.  About  30,000,000  eggs  col- 
lected at  Gloucester  and  hatched  there,  and  hence  not  subjected  to 
transportation  by  railroad,  produced  25.5  x>er  cent  of  fry.  Of  the  eggs 
shipi>ed  to  Woods  Holl,  over  11,000,000  were  from  Ipswich  Bay  and 
were  reshipped  from  Gloucester.  The  Gape  Ann  eggs  sent  to  Woods 
HoU  were  but  15  minutes  longer  on  the  road  than  were  the  Ipswich 
Bay  eggs  shipped  to  Gloucester.  When  the  season  was  far  advanced, 
February  20, 1891,  at  the  suggestion  of  W.  P.  Sauerhoff,  fish-culturist, 
an  experimental  shipment  of  a  half  million  cod  eggs  was  made  from 
Kittery  Point  to  Gloucester  in  two  air-tight  firdt  jars,  of  2^  quarts 
capacity  each,  which  resulted  in  the  hatching  of  71  per  cent,  the  fry 
being  healthy.  The  jars  were  fiUed  with  sea  water  and  packed  in  snow, 
thereby  lowering  the  temperature  two  or  three  degrees,  or  to  ^3^  F. 
These  eggs  were  not  dissimilar  to  those  previously  forwarded  from 
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Kittery  Point.  After  storms  the  tarbid  water  caused  the  sinking  of 
many  eggs,  which  were  dischiirged  overboard;  but  upon  testing  a  lot  of 
eggs  which  were  too  heavy  to  float  at  the  time  of  their  receipt^  it  was 
found  that  with  care  they  hatched  with  good  results.  The  quAStion 
of  impregnation  was  usually  detennined  by  the  use  of  the  microscope 
when  the  eggs  were  first  received. 

The  surface  temperature  on  the  collecting  grounds,  about  45<^  F.  at 
the  commencement  of  the  season,  gradually  fell  to  33^  by  Dec^nber  25, 
from  which  time  till  March  it  ranged  from  34°  to  37^. 

During  the  whole  period  of  operations  copepods  were  abundant  in 
the  water  used  for  developing  the  eggs  and  were  considered  iiyurious. 

Below  is  a  condensed  statement  of  operations: 


Kind. 

Period  of  opera- 
tions. 

No.  of 

females 

spawned. 

No.  of  egga 
taken. 

No.  of  1^7 

releaaed  in 

local  waters. 

Ka  of  eega 

shippea  to 

Woods  HoU 

Station. 

No.  of  eggs 

put 
overboard. 

i^lod 

Nov.26-M«r.  18 
Jan.  29-Mar.    9 
Oct.  31-Dec.     2 

228 

16 

151 

110,112.300 

1. 154, 100 

38, 546, 200 

18,968,100 

78,600 

14,827,000 

43,514,800 

1, 785, 200 
85,100 

Haddock 

PoUock 

Total 

395 

149. 811, 600 

33,874,600 

43, 514, 300 

1.870.300 

Woods  Holl  Station,  Mabsachusktts  (John  Maxwkll,  Supbrintbndent). 

1889-90. 

The  fish-cultural  work  of  this  station  covers  a  period  of  eight  months, 
and  was  conducted  chiefly  by  the  resident  employes  of  the  station.  In 
the  propagation  of  cod  the  force  was  increased  by  the  assignment  of 
Mr.  Richard  Dana,  who  was  placed  in  charge,  the  period  of  active  work 
being  from  October  14,  1889,  to  April  4,  1890. 

Cod. — As  a  source  of  egg  supply,  3,403  adult  codfish  were  obtained 
from  fishermen  October  22  to  !N^ovember  19, 1889,  and  placed  in  live- 
cars  and  in  one  of  the  tidal  basins.  Here,  under  as  natural  conditions 
as  practicable,  the  brood  fish  were  held  to  await  maturity,  when  they 
were  stripped  of  their  eggs  every  two  or  three  days  until  the  supply 
was  exhausted.  Many  of  the  adult  fish  died  immediately  after  being 
placed  in  the  inclosures,  the  temperature  being  then  55°  F.,  and  some 
died  each  day  until  the  water  temperature  fell  to  46o.  A  great  many 
became  blind,  and  it  was  supposed  to  be  caused  by  the  glare  of  the 
sunlight,  the  water  being  shallow. 

In  the  two  months  following  91  fish  yielded  8,545,700  eggs,  and  from 
these  there  were  hatched  and  liberated  in  local  waters,  when  from  three 
to  six  days  old,  5,861,100  fry.  At  the  termination  of  the  spawning 
season  there  were  remaining  on  hand  1,000  of  the  brood  fish,  which  were 
retained  in  one  of  the  tidal  basins  to  determine  their  value  as  spawn- 
producers  the  succeetling  fall.  On  February  11, 1890,  2,374,200  eggs 
received  from  Gloucester  Station  were  put  in  process  of  hatching,  with 
the  result  of  584,700  fry,  and  a  second  consignment,  April  14,  of  621,500 
eggs,  from  the  same  source,  produced  416,300  fry. 
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Haddock. — A  consignment  of  1,138,200  haddcMsk  eggs  from  Glouces- 
ter, Mass.,  April  14,  produced  528,000  fry. 

Flatfish. — ^The  eggs  of  the  flatfish  were  secured  after  February  3, 
1890,  87  ripe  females  being  taken  in  fyke  nets  in  the  harbor  near  the 
station.  The  yield  of  eggs  was  5,841,100,  and  the  fry  produced  and 
liberated  in  local  waters,  4,086,700.  The  adult  fish  were  obtainable  in 
abundance,  except  when  driven  into  deeper  water  by  cold  weather. 

Lobsters. — ^Brood  lobsters  were  collected  from  the  jH)ts  of  local  fisher- 
men, November  to  May,  and  placed  in  inclosures  to  await  maturity, 
some,  however,  being  marked  and  released  after  their  eggs  had  been 
stripped,  in  order  to  determine,  if  possible,  the  frequency  of  spawning 
under  natural  conditions.  The  eggs  were  taken  subsequent  to  April 
16  from  723  adults,  the  yield  being  8,317,600  and  the  production  of  fry 
4,511,100,  or  54  jier  cent.  The  fry  were  released  in  local  waters  when 
2  to  4  days  old,  except  a  few  which  were  experimentally  held  in  the  jars 
six  weeks  and  afterwards  transferred  to  the  aquaria.  The  hatching 
was  conducted  in  the  Chester  tidal  jar,  the  improved  McDonald  tidal 
box,  and  in  the  universal  hatching  jar.  Eggs  taken  April  22  (water 
temperature  45^)  hatched  June  4  (water  temperature  59^),  a  period  of 
42  days.  A  lot  of  eggs  brought  in  by  a  local  fisherman  and  thought  to 
be  on  the  eve  of  hatching,  remained  in  process  of  development  99  days. 
When  they  were  received  the  embryos  were  well  developed  and  the 
water  temperature  36^,  but  no  further  growth  was  observed  till  the 
temi>erature  rose  to  54^,  May  18,  when  the  eggs  hatched. 

For  consignment  to  Galveston  Harbor,  Texas,  745  healthy  lobsters, 
7  to  10  inches  long,  were  collected  and  packed  in  sea  moss  in  105  wooden 
crates,  prepared  at  the  station.  Among  them  were  385  females,  of 
which  37  bore  impregnated  eggs,  estimated  at  250,000  in  number.  The 
adult  lobsters  all  died  before  reaching  their  destination,  but  the  eggs 
were  planted  on  the  Gulf  side  of  Galveston  Harbor  breakwater,  about 
4  miles  frt>m  the  shore.  ' 

Other  fish. — After  May  23,  sea  bass,  mackerel,  squeteague,  tan  tog,  and 
scap  eggs  were  successfully  handled  to  the  extent  of  several  millioDs, 
all  of  them  being  of  the  floating  character  and  collected  from  the  pound 
nets  of  local  fishermen. 

The  following  table  exhibits  the  fish-cultural  work  of  the  station 
during  the  year: 


Kind. 


Cmd 

Do.... 

Do.... 
Haddock 
Flatfish. 
Lobster. 


>Mas — 
Mackerel . . . 
SqneAea^e. 
Tfeatog 


Spawning 
period. 


lfoT.18-Jan.l8.. 
Teh.  2-11. V.'.V.V. 


Feb.  a-Apr.  24  . . 
Apr.  le^inne  13. 

June  14-20 

May2:i^ane20. 

June  2-11 

June  6 

May  21 -June  24. 


No.  of  eggs 
taken. 


8, 545, 700 

*621, 588 

*3, 201, 400 

n,  338, 200 

5,848,100 

8,317,000 

443,900 

4, 271, 209 

2, 915, 000 

237,600 

807,600 


No.  of  f rv 
prodacea. 


5, 861, 100 
416, 300 
548,700 
528, 100 

4.086,700 

4,511,100 
806,300 

3, 893, 7U0 
688,700 
227,600 
732,200 


Average 
Ko.  hours 
hatching. 


351 


573 
83 

104 
90 
65 
87 


Tempera- 
ture. 


470  to  350 
■370"  390 


370  4eo 

6O0  62*0 

6140  62{o 

560  64° 

590  6|o 

60° 

560  640 


*  From  Gloucester  Station. 
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Experiments  were  made  by  Mr.  Yinal  N.  Edwards  for  the  purpose 
of  determining  the  times  of  spawning  of  different  fishes,  and  the  period 
of  incubation  and  character  of  their  eggs,  etc.,  the  resolts  of  which  ^re 
E^hown  in  the  following  table: 


KindoffUh. 


Flaiflah. 


4-spotted  flonnder. 

Sand  dab 

Tantog 

Sea  bass 

Sqaeteagoe 

Mackerel 

Squid 

Gunner 

Toadflsh 

Scup 

Lamprey  eel 

Skate  

Codfish 

Bonito 

Lobster 


Date. 


When 

egKB 

were 

taken. 


Apr.  12 


12 


May 
...do... 
May  21 
Jane  4 
June  6 
...do... 
May  13 
May  22 
May  28 
June  14 
June  2 
June  23 


When 

were 
hatched. 


Apr.  29 

May  20 

...do 

May  26 
June  0 
June  8 
June  9 
June  10 
May  27 
June  28 
June  18 
June  17 
Sept.  27 


lio.of 
days 

hatch- 
ing. 


17 

8 
8 
5 
5 
2 
3 

26 
5 

31 
4 

15 

96 


Eggs. 


Number 
handled. 


192,000 

50.000 

100,000 

221.000 

412,000 

297,000 

159,000 

8,000 

100,000 

200 

158,000 

300 

1 


Charaoter. 


Adhesive, 
sinking. 

Floating.. 

— do 

....do 

do 

. . .  .do 

do 

Sinking... 

Floating. . 

Sinking... 

Floating.. 

Sinking... 
.  ...do 

Floating.. 
— do 

Sinking... 


Number 

to  linear 

inch. 


22 


24 
26 
26 
28 
24 


26 

5 

26 


18 
20 
15 


Temper 
ature 
when 

egga 

were 

taken. 


o 
38 

61 
51 
56 
50 
60 
60 
51 
56 
56 
61 
•70 
64 


Teoiper- 
ature 
when 


were 
hatched. 


o 
46 

56 
56 

56 
60 
60 
60 
61 
56 
65 
63 
70 
66 


*  Hatched  in  fresh  water. 


The  mean  of  the  salt-water  temperatures  and  densities  during  the 
period  of  egg  devolopment  is  given  by  months  below : 


Month. 


December 
January. 
February 

March 

April.... 

May 

June 


Temper- 
ature. 

Density. 

48.1 

1.02S5 

39.3 

1.0256 

36.4 

L0256 

36.1 

L0255 

43.3 

1.0255 

53.4 

1.0255 

62 

L0255 

Collections  of  specimens  of  marine  plants  and  animals  were  made 
throughout  the  cooler  months  and  forwarded  by  express  to  the  aquaria 
at  Central  Station,  Washington,  D.  C,  one  consignment  transferred  by 
the  steamer  Fish  Hawh  comprising  600  fishes,  crustaceans,  etc.,  repre- 
senting forty  species. 

1890-91. 

Mr.  Alexander  Jones  was  in  immediate  charge  of  hatching  the  cod 
and  flatfish,  but  being  temporarily  detached  before  the  lobster  season 
opened,  the  manipulation  of  that  species  was  directed  by  the  superin- 
tendent. 

Cod. — ^Through  the  agency  of  Mr.  I.  Spindel,  3,000  selected  brood  cod 
were  procured,  principally  from  Nantucket  Shoals,  and,  as  in  previous 
years,  held  in  inclosures  till  the  spawning  season.  They  suffered  less 
mortality  than  those  impounded  the  preceding  season,  but  on  January 
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8, 1891,  300  died  from  the  effects  of  slash  ice,  which  formed  inside  the 
liye-cars  from  snow  that  fell  between  the  wooden  slats.  Besides  having 
their  gills  choked  up,  many  were  fonnd  to  contain  in  their  stomachs 
lumps  of  ice  as  large  as  walnnts.  Less  blindness  occurred,  probably 
on  account  of  greater  care  in  handling  the  fish  at  the  time  of  their  cap- 
tore,  a  feature  being  the  avoidance  of  the  usual  custom  of  thrusting  a 
flng^  into  the  eye  socket  of  the  fish  when  removing  the  hook. 

Of  the  brood  fish  only  587  yielded  eggs,  these  being  67,399,000  in 
number  and  producing  36,266,100  fry.  Eggs  were  stripped  about  every 
other  day,  from  November  17  to  February  7. 

Gonsignments  of  eggs,  by  raO,  were  received  from  Gloucester  Station 
to  the  number  of  43^168,500,  from  December  16  to  January  19,  but  of 
these  only  16,332,000  were  thought  to  be  good  twelve  hours  subsequent 
to  arrival,  and  their  total  production  was  but  150,000  fry. 

Observations  during  hatching  this  year  led  to  the  conclusion  that 
those  eggs  which  sink  within  five  or  six  days  after  being  taken  are 
defective  in  their  fertilization.  The  results  of  attempts  made  at  im- 
pregnation by  the  dry  method,  though  not  conclusive,  were  unsatis- 
jGEM^tory.  The  eggs  that  sunk  were  transferred  from  jars  to  boxes,  and 
vice  versOj  and  close  attention  given  them.  Those  placed  in  jars  would 
in  a  short  time  become  milky  and  glutinous  and  so  foul  that  cleansing  by 
washing  was  impracticable ;  while  those  in  boxes,  without  turning  milky, 
would  adhere  together  and  to  the  hatching  vessels,  finaUy  perishing. 

The  profrise  abundance  of  copepods  in  the  hatching  vessels  through- 
out the  season  was  thought  to  be  injurious  to  the  eggs  and  fry,  since 
fhey  were  seen  densely  congregated  about  dead  eggs  and  the  weaker 
fry,  and  were  in  constant  friction  with  the  live  eggs  and  fry  in  their 
crowded  condition.  Attempts  to  exclude  them  by  means  of  cheese- 
cloth strainers  were  ineffectual,  owing  to  their  minuteness.  Another 
unfavorable  element  was  the  employment  of  hatching  boxes  which  had 
been  used  during  the  summer  preceding  for  the  live  storage  of  medusae 
and  other  low  forms  of  animal  life  which  exude  slime  and  poisonous 
substances.  It  was  found  that  eggs  kept  in  the  boxes  which  had  been 
used  for  this  purpose  were  invariably  attended  with  a  high  death  rate, 
but  if  early  removed  to  other  vessels  they  immediately  recovered.  Vig- 
orous efforts  to  cleanse  the  infected  boxes  failed. 

Hatching  was  one  to  three  days  earlier  in  the  tidal  boxes  than  in  the 
inverted  tidal  jars,  owing,  presumably,  to  the  greater  circulation  and 
light  afforded  the  eggs.  The  fry  produced  were  liberated  in  neighbor- 
ing waters  when  they  were  12  to  48  hours  old. 

Flatfish. — ^Adult  flatfish  to  the  number  of  71  were  taken  with  a  fyke 
net  in  Woods  HoU  Harbor  and  yielded  4,689,700  eggs,  which  produced 
3,350,800  fry.  The  spawning  period  of  the  flatfish  was  between  Feb- 
ruary 3  and  March  7. 
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Lobster, — ^In  the  hatching  of  the  lobster  greater  success  than  formerly 
was  met,  by  the  substitation  of  the  universal  hatching  jar  for  the  tidal 
jar,  whereby  the  clotting  of  the  eggs  was  greatly  diminished.  The  pro- 
ductive period  was  from  April  28  to  June  30,  during  which  time  from 
482  lobsters  were  taken  4,353,800  eggs,  yielding  3,533,900  fry,  or  81  per 
cent.  The  eggs  were  obtained  from  lobsters  captured  in  pots  operated 
by  the  employes  of  the  station  and  from  local  fishermen,  who  cooperated 
in  the  work,  saving  all  the  ripe  eggs  from  among  the  lobsters  handled 
by  them. 

The  monthly  mean  temx>eratnres  and  densities  of  the  salt  water  used 
in  hatching  operations  of  the  station  were  as  follows: 


Month. 


December 
January . . 
February 
March  . . . 

April 

Mky 

June , 


Tempera- 
ture. 

Benaity. 

36.4 

1.0252 

33.1 

1.0274 

34. 1 

1.0306 

35.7 

1.0274 

44.8 

1.0256 

52.1 

1.0271 

61.2 

1.0250 

Cold  Spring  Harbor  Station,  New  York  (Fred.  Mather,  SupXRimrsKDEirr). 

This  station  has  continued  in  operation  as  in  previous  years.  Most 
of  the  eggs  received  and  consigned  as  foreign  exchanges  passed  through 
ity  where  t^ey  were  examined  and,  if  necessary,  were  repacked  before 
they  were  forwarded  to  their  destination.  A  considerable  number  of 
Atlantic  salmon  eggs  were  hatched  here  for  the  Hudson  Biver^  the  pro- 
ducticm  of  that  and  other  species  for  the  two  years  being  as  follows: 


Kind. 

Soaroe. 

recced,  produced. 

1880-00. 

Atlantic  salmon 

Landlocked  salmon. . 
Lake  'trout 

Craiir  Brook  Station 

600,000 

85,000 

500,000 

20,000 
500,000 

606,400 

80,000 

470,000 

18.000 
482,600 

Scb<radic  Station 

Northville  Station 

1800-01. 

Loch  Leren  tront 

Lake  trout 

Northville  Station 

do 

Gloucester  City  Station,  New  Jersey  (John  Gay,  in  charge). 

1889-90. 

.  The  propagation  of  shad  by  the  Commission  has  been  confined  mainly 
to  its  stations  on  the  Snsqaehanua  and  Potomac  rivers,  though  some 
attention  has  been  given  to  work  on  the  Delaware  River  through  the 
use  of  the  steamer  Fish  Hawk  and  one  of  the  distributing  cars.  In  the 
spring  of  1890  Mr.  W.  J.  Thompson,  of  Gloucester  Oity,  who  is  largely 
interested  in  the  fisheries  of  the  Delaware  Eiver,  offered  to  erect  on  his 
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propwty  a  hatchery  bailding  for  the  Commission,  free  of  expense,  the 
Commissioner,  however,  to  fdrnish  the  necessary  equipment.  Mr.  John 
Gay,  inspector  of  stations,  was  directed  to  examine  the  location,  and 
on  his  report  and  recommendation  the  offer  of  Mr.  Thompson  was  ac- 
cepted. Immediate  steps  were  taken  to  equip  the  station,  and  active 
operations  were  inaugurated.  On  April  22, 1890,  the  steamer  Fish 
Hawk  arrived  with  the  necessary  materials,  and  her  crew  speedily 
fitted  up  the  building.  By  May  12  the  establishment  was  ready  for  the 
receipt  of  eggs,  the  water  being  derived  lh>m  the  supply  of  Gloucester 
City. 

The  first  eggs  received  were  those  transferred  from  the  Fish  Hawk. 
The  spawn-takers  commenced  taking  eggs  May  13,  visiting  the  fisheries 
daily  by  the  launch  Petrel.  Their  collections  for  the  season  closed 
May  28, 1890,  amounting  to  6,396,000  eggs,  which  were  obtained  from 
seines,  as  follows:  Gloucester  Point,  30,000;  Faunce's,  1,752,000;  Eice's, 
922,000;  and  Howell  Cove,  3,792,000.  These  eggs,  together  with  the 
3,654,000  transferred  from  the  Fish  Hawk,  made  a  total  of  10,150,000, 
and  produced  6,204,000  fry,  which  were  liberated  in  Big  Timber  Creek, 
New  Jersey,  a  stream  near  Gloucester  City.  The  water  temperature 
in  the  hatchery  was  58^  May  12;  60°  May  15  to  23;  and  63^  May  31. 

Further  details  concerning  the  operations  at  Gloucester,  N.  J.,  will 
be  found  in  the  account  of  the  operations  of  the  Fish  Hawk,  pages  56 
and  56. 

1890-91. 

In  the  previous  year's  work  it  was  found  that  the  water  used  was  of 
too  low  a  temperature  and  also  contained  injurious  ingredients.  In 
order  to  obtain  supplies  of  a  more  suitable  character  for  the  work,  a 
pumping  plant  was  put  in  with  a  suction  pipe  laid  to  the  Delaware 
Biver,  connection  stiU  being  maintained  with  the  city  supply  for  cases 
of  emergency.  The  steam  launch  Petrel  was  again  assigned  here. 
The  Fish  Hawk  being  needed  tor  other  work,  the  propagation  of  shad 
on  the  Delaware  Biver  was  conducted  by  this  station  only.  The  col- 
lection of  eggs  began  April  30, 1891,  and  was  continued  till  June  2, 
resulting  in  a  total  of  12,465,000.  Fry  produced  from  these  eggs 
amounted  to  6,155,000,  of  which  4,930,000  were  turned  over  to  messen- 
gers for  distribution  and  1,225,000  deposited  locally  in  Big  Timber 
Creek.  The  seines  attended  for  spawn  were  those  at  Gloucester  Point, 
Faunce's,  and  HoweU  Cove.  The  largest  day's  production  of  eggs, 
1,242,000,  was  on  May  1,  the  Howell  Cove  seine  ftirnishing  973,000  of 
these.  During  the  season  but  one  ripe  shad  was  obtained  at  Gloucester 
Point,  a  source  of  2,500,000  eggs  the  year  preceding. 

The  weather  was  abnormal  and  the  river  being  low  from  a  drought 
in  the  headwaters  was  made  lower  by  prevailing  winds  from  the  north 
and  northwest.  There  were  snow  flurries  May  6.  The  catch  of  shad 
was  within  25  per  cent  of  the  usual  number,  but  spawning  flsb  were 
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very  scarce,  and  ripe  backs  of  sach  in&eqaent  occurrence  that  it  was 
at  all  times  difficult  to  secure  enough  milt  for  purposes  of  fertilizatioiu 
A  great  many  shad  moved  upward  to  headwaters,  many  being  seen 
in  the  vicinity  of  Egypt  Mills,  Pike  Oounty,  Pa.,  and  in  New  York  State, 
as  much  as  300  miles  above  the  ocean,  higher  than  known  since  the 
building  of  the  dam  at  Lackawaxen  in  the  year  1823.  The  head- 
waters were  made  accessible  to  the  spawning  shad  by  the  construction 
in  1889  of  a  fishway  at  the  dam  by  the  joint  action  of  Kew  York  and 
Pennsylvania.  Fishing  operations  ceased  June  3,  and  the  station  was 
closed  June  6. 

Battkbt  Islakd  Station,  Mabyulsd  (W.  db  C.  Ravsmbl,  Supbbintkndkmt). 

18S9-90. 

As  in  previous  years,  in  addition  to  the  operation  of  the  Oommission's 
station  on  Battery  Island,  the  canning  house  of  Mr.  S.  J.  Seneca,  at 
Havre  de  Orace,  was  rented  for  the  season  and  equipped  with  100  hatch- 
ing jars  of  a  capacity  of  8,000,000  eggs.  This  auxiliary  hatchery  being 
located  in  the  proximity  of  the  railrpad  station  proved  a  valuable  ad- 
junct to  the  work  of  distribution.  The  collection  of  spawn  began  AprO 
21  and  continued  till  May  20, 1890,  the  aggregate  number  of  eggs  se- 
cured by  the  two  establishments  being  32,405,000.  Of  these,  12,637,000 
were  transferred  to  the  cars  for  hatching  en  route;  from  the  remainder 
12,248,000  fry  were  produced,  which  were  also  mainly  distributed  by 
the  messenger  service.  To  procure  the  eggs,  60,600  fathoms  of  seine 
haul  and  179,925  fathoms  of  gill  net  were  attended,  the  number  of  seined 
shad  examined  being  22,800  and  of  those  from  giU  nets,  16,700,  a  total 
of  39,500,  of  which  985  were  stripped. 

Early  in  May  continued  heavy  rains  caused  muddy  water  and  backed 
the  run  of  shad  down  the  bay,  so  that  the  seine  catch  was  reduced  to 
one-third  of  that  of  the  previous  year  and  the  gill  net  catch  to  one-half. 
Of  the  entire  production  of  eggs,  more  than  three  fourths  were  obtained 
prior  to  the  freshet  x>eriod,  commencing  May  7.  The  eggs,  though 
scarce,  were  of  unusually  good  quality  and  afforded  fry  of  superior  vigor. 

1890-91. 

Shad  hatching  was  again  conducted  both  at  Battery  Island  and  at 
the  auxiliary  hatchery  at  Havre  de  Grace.  On  April  17, 1891,  twenty 
spawn-takers  began  operations,  and  from  that  time  until  June  6  were 
interrupted  by  storms  but  two  nights.  By  the  1st  of  May  26,370,000 
eggs  had  been  secured,  and  by  the  end  of  the  season  a  total  of  63,110,000. 
Of  these,  837,000  were  turned  over  to  the  Delaware  Fish  Commission 
and  7,413,000  to  the  Fish  Oommission's  cars  for  hatching  en  route  to  the 
places  of  deposit.  From  the  remainder  were  produced  37,747,000  fry. 
The  eggs  obtained  on  each  of  nine  days  were  over  a  million,  on  twelve 
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days  over  two  millions,  and  on  three  days  over  tliree  millions.  The 
water  in  the  vicinity  of  the  station  was  so  extraordinarily  clear  that 
seines  coold  be  hanled  with  any  advantage  at  night  only;  operations 
were  therefore  suspended  the  first  week  in  May,  one  month  earlier  than 
customary,  with  one-half  the  usual  catch,  the  catch  by  gill  fishermen 
being  about  two-thirds. 

The  attendance  of  the  spawn-takers  was  on  49,600  fathoms  of  seine 
and  224,700  fathoms  of  gill  net,  which  afforded  35,200  adult  shad  for 
examination,  about  equally  divided  between  the  two  classes  of  nets. 
The  number  of  fish  stripped  was  2,013. 

The  average  water  temperature  during  the  last  fifteen  days  in  April 
was  60.80  F.,  during  the  month  of  May  62.1o,  and  the  first  nine  days 
in  June  70.8o 

When  fry  accumulate  in  large  numbers  between  deliveries  to  mes- 
sengers they  are  kept  in  large  storage  tanks  rather  than  in  the  col- 
lector aquaria,  this  method  having  been  found  so  advantageous  that  its 
application  is  general  in  the  station.  The  tanks  are  96  inches  long  by 
18  wide  and  16  deep,  partitioned  midway  between  the  ends  to  form  two 
separate  compartments,  which  are  provided  with  guard  screens  at  their 
outlet  ends.  The  water  circulation  is  derived  from  two  one-fourth-inch 
jet  cocks,  to  which  gum  tubing  is  attached,  under  10  pounds  pressure 
to  a  square  inch.  As  many  as  300,000  to  400,000  try  are  supported 
in  each  subcompartment,  the  variation  in  number  being  regulated  in 
accordance  with  temperature. 

An  experiment  was  made  of  holding  shad  in  standing  water,  25,000 
fry  being  placed  in  a  12-gallon  can  and  one-fourth  the  water  changed 
every  four  hours.  At  the  end  of  twelve  days  the  loss  was  4,185,  and 
of  these  40  per  cent  occurred  in  the  first  sixty  hours.  The  temperature 
of  the  water  at  the  beginning  of  the  experiment  was  56<^,  but  gradually 
rose  till  on  the  twelfth  day  it  was  70o«  on  the  following  five  days  it 
dropped  to  62<5,  when  heavy  mortality  occurred. 

The  purchase  of  this  station,  at  the  head  of  Chesapeake  Bay,  Mary- 
land, which  had  been  occupied  under  lease  by  the  Commission  for  a 
number  of  years,  was  provided  for  in  an  act  approved  March  3, 1891. 
By  direction  of  the  United  States  Attomey-Gtoneral,  an  examination  of 
the  title  to  the  property  was  made  by  the  United  States  district  attor- 
ney for  Maryland,  who,  on  June  26, 1891,  reported  the  same  good  in  Mr. 
T.  B.  Ferguson,  by  whom  a  deed  transferring  the  same  to  the  United 
States  was  duly  executed. 
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Fort  Washington  Station,  Maryiand  (S.  G.  Worth,  Superintendent). 

1889-90. 

This  station,  lying  on  the  Potomac  Biver,  about  12  miles  below  Wash- 
ington, was  open  during  April  and  May,  1890,  and  produced  during  the 
egg-collecting  period  of  thirty-two  days,  commencing  April  15, 35,202,000 
eggs.  The  catch  of  shad  in  this  vicinity  was  less  than  one-half  that  of 
the  four  preceding  years.  Of  the  eggs  obtained  (35,202,000)  34,446,000, 
after  being  held  thirty-six  hours,  were  measured  and  forwarded  on  the 
river  steamers  to  Oentral  Station,  and  756,000  of  inferior  quality  were 
held  and  hatched,  producing  356,000  fry,  which  were  liberated  in  the 
Potomac  River  at  the  station.  The  eggs  were  derived  firom  sources  as 
follows:  Fort  Washington  seine,  10,224,000;  Chapman  Point  seine^ 
2,842,000;  Tulip  HiU  seine,  3,835,000;  Moxley  Point  seine,  1,078,000; 
giUnet  fishermen,  17,223,000. 

The  weather  of  the  preceding  winter  and  of  the  spring  months  of  1890 
was  unusually  mild,  efifecting  no  advancement  in  the  spawning  period 
of  the  shad,  but  probably  accounting  for  the  abnormal  presence  of  large 
numbers  of  young  shad,  alewives,  and  sturgeon  in  the  upper  waters  of 
the  Potomac.  Several  schools  of  fingerling  shad  and  alewives  were 
hauled  nearly  ashore  at  different  times  by  the  seines  at  Fort  Washing- 
ton and  Moxley  Point.  Many  sturgeon,  12  to  18  inches  long,  were  daily 
captured  by  the  Fort  Washington  seine.  The  water  temperature  April 
16  was  570  F.;  April  30,  6OO;  May  15,  680. 

The  equipment  of  this  station  was  improved  by  the  introduction  of  a 
larger  steam  boiler  and  pump,  which  were  obtained  by  transfer  firom 
other  stations,  and  a  larger  water  tank. 

1890-91. 

The  production  of  shad  eggs  during  the  season,  April  21  to  May  17, 
1891,  was,  by  measurement  thirty-six  hours  subsequent  to  fertillKation, 
32,544,000.  These  were  forwarded  on  trays  to  Central  Station,  except 
183,000  retained  for  hatching,  producing  170,000  fry,  which  were  released 
in  the  Potomac  Biver.  For  two  months  preceding  the  commencement 
of  operations  there  were  continuous  freshets  in  the  Potomac,  culminat- 
ing March  28  in  an  extreme  flood  which  overflowed  the  Fort  Washing- 
ton wharf  and  freshened  the  water  in  the  lower  river  to  such  an  extent 
as  to  destroy  thousands  of  acres  of  oyster  beds.  Upon  the  cessation  of 
freshets  the  water  became  clear,  as  in  the  previous  year,  and  being  held 
at  a  low  temperature  by  the  prevailing  cold  weather,  the  conditions 
favored  the  spawning  of  the  shad  in  the  wide  waters  many  miles  below 
the  station.  In  the  vicinity  of  Fort  Washington  all  fishing  by  daylight 
was  unremunerative,  as  on  the  Susquehanna  Biver,  the  catch  being 
but  two-fifths  to  one-half  that  of  ordinary  seasons.  The  operations  of 
three  of  the  best  egg-yielding  seines  and  many  gill  nets  were  suspended 
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on  May  15,  thns  terminating  the  collecting  season.  The  eggs  collected 
amounted  to  only  57  per  cent  of  the  average  of  the  four  preceding  sea- 
sons. The  water  temperature  at  the  station  differed  from  previous 
years,  becoming  lower  instead  of  higher  as  the  season  advanced.  On 
April  22  to  26  it  was  66.60  F.;  May  1  to  5,  66.2o,-  MayO  to  13,  64.8o. 

The  following  is  a  statement  of  the  egg  yield  from  the  operation  of 
the  Fort  Washington  seine  and  the  shad  catch  during  the  years  1887 
to  1891,  inclusive: 


Cfttoh  for  7  days 
ending — 

1887. 

1888. 

1880. 

1800. 

180L 

Ai»rlll3 

83 

1,600 
778 
2,270 
2,053 
2,817 
747 

882 
485 

1,536 
2,888 
3,196 

084 
1,107 

624 

484 

020 

1,004 

150 

1.614 

1,070 

66 

873 
1,484 
1,081 
706 
101 
281 

April  20 

030 

1,264 

714 

211 

20 

April  27 

VWy     4 

May  11 

M^r  18     

lCaT2S 

Jtiimg 

Total  catch.. 

Seine    production 
of  eggs  for  the 
Year 

1 

10,348 

11,212 

6,217 

4,606 

8,188 

20,066,000 

22.657,000 

17, 788, 000 

10,262.000 

5.276,000 

j^"" ••...... 

For  the  removal  of  loose  stone  which  obstructed  the  hauling  of  the 
Fort  Washington  seine  an  8-foot  beam  trawl,  in  connection  with  the 
seine  capstans,  was  successfully  employed.  A  useful  fixture  for  remov- 
ing the  fish  scales  from  the  eggs  was  also  devised  and  put  into  practical 
oi>eration.  This  consisted  of  two  18-inch  flared  tin  pans  with  handles, 
one  nesting  within  the  other,  2  inches  of  the  bottom  of  the  interior 
one  being  evenly  cut  oflF  and  covered  with  quarter-inch  stretched  twine 
netting.  It  was  operated  by  filling  the  lower  pan  with  water  above 
the  netting,  and  gently  ladling  in  2  or  3  gallons  of  eggs,  when  they 
would  drop  through  the  meshes,  leaving  the  scales  behind. 

An  advance  was  made  in  transferring  the  eggs  to  Washington,  by 
changing  the  time  of  shipment  from  evening  to  early  morning,  by  which 
the  afternoon  heat  was  avoided. 

Ckntral  Station,  Washington,  D.  C.  (S.  G.  Worth,  Supbrintxndxnt). 

18S9^90. 

The  scope  of  work  of  this  station  has  continued  as  in  previous  years. 
The  operations  in  hatching  were  as  follows: 


Speoiet. 

Received  from — 

Nnmber  of 

Nnmber  of 
fry  hatched. 

Brook  trout •• 

KortbvlUe  Station 

37,500 

5,000,000 

80,000 

81, 220, 000 

956,000 

80,500 

4,400,000 

18,200 

23,403,000 

754.000 

Whitefleh 

SandadkT  Station 

Landlocked  aiJmon . . . 
Shjid 

Scboodic  Station 

Fort  Washington  Station 

Central  Station 

VeDow  nercli 

Total 

28, 006, 700 

H.  Mis.  113- 
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In  addition  to  the  receipt  and  preparation  of  flngerling  fish  for  dis- 
tributiony  there  were  received  and  distributed  the  following  eggs:  2,500 
of  the  brook  trout,  from  Korthville  Station ;  80,000  of  the  rainbow  trout 
from  Wytheville  Station,  which  were  repacked  and  forwarded  to  France, 
England,  Germany,  and  Belgium ;  3,226,000  eggs  of  the  shad,  which  were 
partially  develoi>ed  and  then  transferred  to  the  cars  for  completion  of 
hatching  en  route  to  the  places  of  planting. 

The  following  table  exhibits  the  distribution  of  flngerling  fish : 


Species. 


Goldfish 

TeDch 

Gtoldenide..... 
Bainbow  trout. 

Rock  bass 

Black  bass 

Crappie 

Spotted  catfish 
Yellow  perch . . 


Total 


Beceived  ft-oin — 


Fish  ponds,  Washington 

Wy iheyille  SUtion 

Fishponds,  Washington 

Wytheville  Station 

, do 

Quinoy  Station 

do 

do 

do 


Knmber. 


28,700 

1,076 

16.973 

24 

10 

1,682 

1,611 

1,310 

1,000 

80 

876 


61,600 


The  hatching  of  the  yellow  perch  was  of  an  experimental  character. 
Details  will  be  found  in  the  Bulletin  of  the  U.  S.  Fish  Ck)inmission  for 
1890,  pages  331-334. 

The  following  are  the  mean  temperatures  of  the  city  hydrant  water 
used  at  the  station  by  months: 


1880. 

oFahr. 

1800. 

oFahr. 

Jfdv 

75 
76 
70 
62 
52 
45 

1 

Jannarv. ........ 

45 
4S 

46 
65 
04 
74 

Angast  -          T .  r 

February 

March 

September 

October 

April 

November 

December 

May 

Jane 

1890-91. 

The  hatching  work  proper  at  this  station  was  as  follows: 


Species. 


Bainbow  trout 

Brook  trout 

Lake  trout 

Von  Behr  trout. . . . . 

Whiteflsh , 

Luidlocked  salmcm 

Smelt 

Shad 


Total  fry  hatched. 


Beceived  from— 


Wytheville  Stetion 

North viUe  Station 

do 

do 

do 

Schoodic  Station 

Cold  Spring  Harbor  Station 
Fort  Washington  Station  . . 


Eggs. 


25,000 

25,000 

100.000 

28,000 

1, 122. 000 

30,000 

1,000,000 

18,800,000 


Number  of 
i^  hatched. 


11,080 
20,700 
87,500 
16,400 

722,000 
25,200 

400,000 
14,072,000 


10,255,780 
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There  were  received  from  Wytheville  Station  and  forwarded  to  Bng- 
landy  Crermanyy  and  Switzerland,  75,000  eggs  of  the  rainbow  tront; 
from  the  Northville  Station,  20,000  Yon  Behr  trout  eggs,  which  were 
transferred  to  the  Wytheville  Station,  and  2,878,000  whitefish  eggs, 
which  were  transferred  to  one  of  the  cars  for  hatching  en  route  to  Sack- 
etts  Harbor,  for  stocking  Lake  Ontario.  In  addition,  8,140,000  shad 
eggs  from  Fort  Washington  Station  were  turned  over  to  cars  Nos.  2  and 
3  for  hatching  en  route  to  places  of  deposit. 

The  flngerling  fLsh  received  and  forwarded  were  as  follows: 


Csrp — 
G«]dflah 


Tench 
Bainbow  iroat. 

Bockbaas 

Black  1»aM 

Crappie 

Smmah 

Book  base 

TeDow  perch . . 

Pike 

Bainbow  tront. 
Brook  tront. . . . 
Goldilah 


Total 


BeoeiTed  firom. 


Fiah  ponds,  Washington,  D.  C 

!I";'do  !!!!!!!!*!*!!!!!!!!!"!! 

WytheTille  Stotion 

do 

Qnincy  Station 

do 

do 

do 

do 

do 

KorthTille  Station 

do 

Keoeho  Station 


Number. 

831,391 

18,493 

5,156 

12,166 

1,560 

262 

170 

135 

59 

6 

4 

266 

50 

2.077 

371, 795 

An  account  of  the  operations  of  the  Aquaria  at  Central  Station  will 
be  found  on  pages  54  and  55. 


FUH  PONDS^   WaSHINOTON,  D.  C.  (R.  HxSSELy  SlTPEBINTBNDENT). 

18S&-90. 

On  May  31  and  June  1, 1889^  the  station  was  completely  submerged 
by  a  disastrous  freshet  in  the  Potomac  River,  and  nearly  all  the  fish 
in  the  ponds  escax>ed. 

In  November  the  ponds  were  drawn,  and  the  fish  of  fingerling  size 
available  for  distribution  were  as  follows:  Leather  carp,  29,450;  scale 
carp,  1,029;  blue  leather  carp,  167;  blue  scale  carp,  70;  tench,  25;  golden 
ide,  20;  goldfish,  15,415. 

On  April  25  and  May  5, 1890,  2,144,000  shad  fry  were  received  from 
Central  Station  and  placed  in  the  west  x)ond  for  rearing. 

Much  care  and  expense  was  involved  in  repairing  the  damage  re- 
sulting from  the  June  overflow,  and  in  eliminating  the  river  fish  and 
objectionable  water  plants  that  found  unavoidable  lodgment  in  the 
ponds  on  that  occasion. 
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PuT-iir  Bat  Station,  Ohio  (J.  J.  Stranahax,  SuPERiKTKimKNT). 

The  sundry  civil  bill  approved  March  2, 1889,  provided  $20,000  "  for 
the  purpose  of  establishing  and  equipping  a  station  at  some  convenient 
point  on  Lake  Erie,  to  be  designated  by  the  Commissioner  of  Fish  and 
Fisheries,  for  taking  spawn  and  the  propagation  of  whiteftsh."  An  ex- 
amination and  consideration  of  the  facilities  offered  by  the  different 
places  contiguous  to  the  spawning-grounds  of  the  whitefish  demon- 
strated the  advisability  of  establishing  the  station  at  Put-in  Bay,  Ohio. 
Through  the  eflPorts  of  Mr.  Valentine  Doller,  of  Put-in  Bay,  the  citizens 
of  that  place  donated  to  the  United  States  a  site  on  the  south  shore  of 
Peach  Point,  and  containing  about  three-fourths  of  an  acre.  On  Au- 
gust 31, 1889,  the  Attorney-Greneral  certified  to  the  sufficiency  of  the 
deeds  given  to  vest  a  valid  title  to  the  property  in  the  United  States. 
Cession  of  jurisdiction  over  the  property  having  been  given  by  an  act 
of  the  legislature  of  Ohio,  passed  April  10, 1889,  and  the  plans  and 
specifications  for  the  required  hatchery  having  been  prepared  x>ending 
the  examination  of  the  title,  advertisement  calling  for  proposals  to  con- 
struct the  same  was  made  September  6.  The  lowest  bid  received  in 
response  thereto  was  that  of  Mr.  George  E.  Oascoyne,  of  Put-in  Bay, 
with  whom  a  contract  was  entered  into  on  October  12.  For  the  erec- 
tion of  the  necessary  steam  and  water  plant,  a  contract  was  made  with 
Messrs.  Shaw,  Kendall  &  Co.,  of  Toledo,  Ohio,  on  March  11, 1890.  The 
erection  of  the  hatchery  was  completed  on  August  11, 1890,  and  on 
September  16  the  machinery  was  ready  for  use. 

The  act  approved  September  30, 1890,  provided  an  appropriation  of 
(10,000  for  the  completion  of  the  equipment  of  the  station,  including 
the  purchase  of  a  steam  launch  for  use  in  the  collection  of  the  eggs  of 
the  whitefish.  Plans  and  specifications  for  this  vessel  were  prepared 
by  the  chief  engineer  of  the  Commission,  Mr.  W.  B.  Bayley,  U.  S.  N.,  and 
after  due  advertisement  for  proposals  for  her  construction,  a  contract 
was  made  with  the  Craig  Ship  Building  Company,  of  Toledo,  Ohio. 

1890-91. 

On  July  1, 1890,  Mr.  J.  J.  Stranahan  was  appointed  superintendent 
of  the  station.  On  November  5  active  measures  in  the  propagation  of 
whitefish  were  begun;  157,500,000  eggs  were  obtained  from  local  fish- 
ermen; 200,000  were  received  from  the  Commission's  station  at  Alpena. 
Of  the  eggs  collected,  47,500,000  were  transferred  to  the  Ohio  State 
hatchery,  Sandusky,  Ohio;  10,000,000  to  the  Wisconsin  commissioners; 
14,000,000  to  the  Erie  station  of  the  Pennsylvania  Fish  Commission; 
and  125,000  to  Mr.  Carl  O.  Thompson,  at  Warren,  Ind.  From  the  eggs 
retained,  10,000,000  fry  were  produced  and  placed  in  Lake  Erie.  The 
hatching  occurred  in  March,  1891,  and  the  fry  were  liberated  toward 
the  end  of  that  month. 

About  150,000  whitefish  eggs  were  fertilized  with  the  product  of  male 
lake  herring,  the  result  being  a  fair  percentage  of  hybrids.    Late  in  the 
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fieaaon  a  small  number  of  herring  eggs  were  secured  and  impregnated^ 
these  pioducing  a  small  percentage  of  fry. 

On  Febmary  11, 1891, 200,000  lake  trout  eggs  were  received  from  the 
Korthyille  Station,  and  produced  192,000  fry,  which  were  liberated  about 
the  end  of  March,  at  points  in  the  lake  in  the  vicinity  of  the  station. 

The  collection  of  pike  perch  eggs  was  begun  April  14, 1891,  they  too 
being  taken  by  the  fishermen;  149,000,000  eggs  were  obtain^,  of  which 
68,000,000  were  sent  to  the  Erie  hatchery  of  the  Pennsylvania  Fish  Oom- 
mission.  In  the  collection  of  these  Mr.  William  Buller,  superintendent 
of  the  Erie  hatchery,  rendered  active  assistance.  The  eggs  held  at  the 
station  produced  00,000,000  fry,  which  were  liberated  in  the  lake  prior 
to  May  20, 1891,  the  season's  operations  in  fish-culture  terminating  with 
their  release.  Bxperiments  were  made  with  the  pike  perch  eggs  looking 
to  the  separation  of  those  that  mass  in  lumps.  The  method  pursued  con- 
sisted in  detaching  the  lumps  from  the  eggs  already  free,  by  means  of 
a  screen.  The  lumps  were  then  rubbed  between  the  palms  of  the  hands, 
separating  the  eggs.  It  was  found  that  eggs  so  treated  hatched  with 
no  greater  loss  than  those  naturally  free.  Attempts  to  hatch  the  eggs 
when  in  lumi>8,  however,  resulted  in  almost  total  loss. 

NoBTHViLLX  Station,  Michigan  (Frank  N.  Clark,  Superintendent). 

1889-80. 

Whitefish. — ^The  collection  of  whiteflsh  eggs  for  this  station  was  lim- 
ited to  Lake  Erie,  10,000,000  being  derived  from  the  vicinity  of  Monroe 
and  25,000,000  from  Sandusky.  These  were  carefrdly  prep  ared  for  ship- 
ment and  distributed  to  other  hatcheries  for  hatching.  The  di8XK)sition 
of  the  good  eggs,  28,460,000,  is  given  in  the  details  of  distribution. 

The  success  heretofore  attending  the  partial  trial  of  graveled  troughs, 
as  practiced  during  the  three  preceding  seasons  in  developing  trout 
eggs,  led  to  the  adaptation  of  the  method  to  all  the  trout  eggs  handled 
at  the  station,  and  with  results  highly  gratifying.  This  consisted  in 
spreading  as  evenly  as  possible  10,000  to  12,000  eggs  over  a  space  of 
gravel  bottom  12  by  15  inches.  The  eggs  were  allowed  to  remain  on 
the  gravel  until  the  eye  spots  were  clearly  developed  (a  period  of  about 
forty  days),  being  then  t.aken  up  and  placed  on  wire  trays  for  hatching. 

Von  Behr  trout — ^The  readiness  with  which  the  Von  Behr  trout  has 
become  acclimated,  together  with  its  hardiness  and  rapid  growth,  has 
greatly  encouraged  its  further  propagation.  From  the  brood  stock 
163,400  eggs  were  obtained,  of  which  58,000  were  transferred  and  75,000 
held  for  hatching  at  the  station.  The  spawning  season  began  October 
21, 1889,  and  continued  seventy-three  days.  From  75  females,  3  and  4 
years  old,  the  production  of  eggs  was  85,700,  and  from  239  females,  2 
years  old,  77,700.  Of  this  species  brought  over  from  the  previous 
season,  there  were  6,175  yearlings  delivered  for  distribution. 
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Brook  irouU — The  spawning  of  the  brook  tront  covered  a  period  of 
eighty-five  days,  commencing  October  14, 1889,  the  number  of  eggs 
obtained  being  322,000.  In  addition  to  these  there  was  a  consignment 
of  25,000,  received  January  25  from  the  Leadville  Station.  The  eggs 
from  brood  flsh  were  derived  as  follows:  From  478  females  2  and  3 
years  old,  269,300;  and  from  224  others  18  months  old,  52,700.  These 
were  trans^rred  in  ten  shipments  265,000  eggs.  In  addition  to  these, 
75,000  were  retained  at  the  station,  of  which  25,000  were  for  stocking 
the  waters  of  the  Yellowstone  National  Park.  The  inconsiderable  loss 
in  hatching  operations  is  ascribed  to  the  development  of  the  eggs  in  the 
earlier  stages  on  gravel.  Of  brook  trout  yearlings,  7,800  were  deliv- 
ered for  liberation  in  various  waters. 

Loch  Leven  trout — ^From  300  females  maintained  at  the  station 
291,100  eggs  were  obtained  October  25  to  December  30, 1889.  Com- 
mencing January  20,  and  continuing  thirty-live  days,  162,000  of  these 
6ggs  were  transferred,  and  75,000  others  were  held  for  rearing.  A  con- 
signment of  13,000  eggs  was  received  from  Germany  on  March  11, 1890, 
but  these  developed  only  about  25  per  cent  of  fry.  The  distribution  of 
yearlings  commenced  September  17, 1889, 10,000  being  liberated. 

Lake  trout — ^The  eggs  taken  amounted  to  3,954,000,  an  excess  of 
600,000  over  any  previous  season.  The  transfers  from  these  eggs 
amounted  to  2,600,000,  and  200,000  were  held  to  be  hatched.  Of  those 
transferred,  1,000,000  were  sent  to  Duluth  Station;  of  those  retained, 
100,000  were  held  for  the  Yellowstone  National  Park.  In  February, 
1890, 13,132  yearlings  were  turned  over  to  car  messengers  for  liberation. 

Bainbow  trout — Results  with  the  rainbow  trout,  as  in  preceding 
years,  were  unsatisfEustory.  From  2,500  brood  flsh,  one-flfbh  of  which 
were  3  and  4  years  of  age  and  the  remainder  2  years  of  age,  only  119,000 
eggs  were  secured,  and  of  these  only  52,600  survived  to  the  age  when 
the  eye  spots  are  visible.  12,500  eggs  were  sent  to  the  Wyoming  Fish 
Commission,  and  from  the  remainder  only  5,000  fry  were  produced. 
19,143  yearlings  were  distributed  through  the  messenger  service. 

Landlocked  salmon. — A  consignment  of  eggs  from  Schoodic  Station, 
received  February  28, 1890,  was  wholly  without  results. 

1890-91. 

This  station,  one  of  the  first  established  by  the  Commission,  and  at 
which  the  work  of  the  propagation  of  whitefish  on  the  Great  Lakes 
was  inaugurated,  has  for  many  years  been  occupied  under  rental.  The 
company  owning  the  property  having  decided  to  sell  the  same,  the 
Commission  was  given  the  opportunity  to  buy  it.  In  view  of  its 
advantages.  Congress  was  asked  to  make  the  necessary  provision  for 
its  purchase.  This  request  was  met  by  an  item  in  the  sundry  civil 
biU,  approved  August  30, 1890,  appropriating  (15,000  '<  for  the  pur- 
chase of  the  grounds  and  buildings  located  at  NorthviUe,  Mich.,  now 
occupied  by  the  U.  S.  Fish  Commission,  under  lease  as  a  fish-hatching 
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station,  and  for  the  purchase  of  additional  grounds  adjacent  to  those 
now  occupied  and  used  as  such  fish-hatching  station."  An  appropria- 
tion of  $5,000  was  also  made  by  the  same  bill  for  the  erection  of  new 
buildings  on  the  property.  Deeds  transferring  the  property  already 
under  lease  and  the  additional  adjacent  grounds  deemed  necessary  for 
the  station,  as  also  the  right  of  way  over  contiguous  lands  for  a  pipe 
line  and  the  control  of  certain  water  rights,  were  passed  in  February, 
1891 .  These  were  referred  to  the  Attorney-General,  and  toward  the  end 
of  the  following  month  was  received  his  certifiqation  as  to  their  suffi- 
ciency to  vest  in  the  United  States  a  valid  title  to  the  property.  The 
houses  on  the  property  being  sufficient  for  the  immediate  needs  of  the 
station,  it  was  the  intention  of  the  Commissioner  to  proceed  at  once  with 
the  construction  of  additional  ponds,  the  introduction  of  an  increased 
water  supply,  etc.,  to  meet  the  expense  of  which  the  appropriation  of 
$5,000  for  new  buildings  was  supposed  to  be  applicable.  The  First 
Comptroller  of  the  Treasury,  however,  deciding  that  the  money  could 
be  exx>ended  only  for  new  buildings,  as  defined  in  common  parlance,  the 
work  had  to  be  deferred  till  Congress  could  be  asked  to  modify  the  phra- 
seology of  the  appropriation  so  as  to  permit  its  use  in  the  way  desired. 

The  brood  fish  on  hand  at  the  commencement  of  the  fiscal  year  were 
found  to  be  as  follows:  Brook  trout,  945;  Loch  Leven  trout,  4,545;  Yon 
Behr  trout,  2,075;  rainbow  trout,  4,053. 

Whitefish. — ^The  propagation  of  the  whitefish  at  this  station  was  dis- 
continued and  an  expansion  of  the  work  made  at  Duluth  and  Put-in 
Bay  stations.  This  permits  the  application  of  all  available  water  supply 
and  space  to  the  hatching  and  rearing  of  trout,  and  will  obviate  the 
necessity,  by  reason  of  insufficient  space  for  their  care,  of  liberating  the 
fingerlings  in  advance  of  the  regular  season  of  distribution. 

Van  Behr  trout, — Eggs  were  taken  during  sixty-five  days  following 
October  24, 1890,  and  numbered  324,900,  of  which  226,000  were  trans- 
ferred. The  fingerlings  and  yearlings  furnished  for  distribution  were 
18,655.  There  were  received  from  Germany,  through  the  Cold  Spring 
Harbor  Station,  in  February  and  March,  two  consignments  of  eggs  of 
this  species  aggregating  31,000. 

Brook  trout — ^Eggs  were  taken  through  a  period  of  seventy- three  days 
following  October  7, 1890,  the  number  obtained  being  240,200,  of  which 
110,000  were  transferred  to  other  hatcheries.  Fingerling  and  yearling 
brook  trout  to  the  number  of  16,795  were  furnished  for  liberation,  com- 
mencing September,  1890. 

Loch  Leven  trout — ^The  collection  of  eggs  of  this  species  continued  dur- 
ing the  months  of  November  and  December,  1890,  the  number  obtained 
being  222,200,  of  which  80,000  were  transferred.  Fingerlings  and  year- 
lings furnished  for  distribution  numbered  14,775. 

Lake  trout — Eggs  to  the  number  of  4,901,000  were  forwarded  from 
the  Alpena  Station,  the  production  being  greater  by  1,000,000  than  in 
any  previous  year.    To  stations  of  the  Cosunission,  State  commission- 
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erBy  and  foreign  countries,  2,285,000  of  these  eggs  were  reshipi>ed,  and 
from  the  remainder  were  produced  1,200,000  fry.  In  April,  1891,  more 
than  600,000  try  were  liberated  in  inland  lakes  of  Michigan,  513,000 
being  held  for  rearing.  The  number  of  lake  trout  flngerlings  and  year- 
lings distributed  from  August  1, 1890,  to  May  18, 1891,  amounted  to 
187,805,  an  increase  of  100  per  cent  over  previous  seasons. 

Bainbow  trout, — The  rainbow  trout  heretofore  used  as  breeders  were 
transferred,  the  water  at  the  station  having  been  found  but  jxiorly 
adapted  to  this  species. 

Landlocked  salmon. — ^A  shipment  of  26,000  landlocked  salmon  eggs 
from  Schoodic  Station  produced  no  results,  all  the  fry  perishing. 

Alpbna  Station,  Michigan  (Frank  N.  Clark,  Supbrintsndxnt). 

1889-90. 

The  collections  of  the  lake  trout  eggs  which  were  handled  at  Korth- 
ville  Station  this  year  were  made  principally  through  Alpena  Station. 

The  collection  of  whitefish  eggs  began  November  5,  and  continued 
into  December,  lakes  Huron  and  Michigan  affording  about  43,000,000,* 
about  40  per  cent  of  the  spawning  fish  were  obtained  from  gill  nets. 
Snowstorms  and  gales  were  encountered  as  usual  in  this  work. 

The  production  of  fry  was  33,600,000,  which  were  mainly  liberated 
in  lakes  Michigan  and  Huron.  On  account  of  the  mild  winter  the  eggs 
were  fifteen  to  twenty  days  earlier  in  hatching.  The  temperature  of  the 
water  in  November  was  38^^  F.  During  the  four  months  preceding 
April  2  the  water  temperature  varied  but  one  degree  from  34^  F.  On 
April  8  the  temperature  was  380;  April  30,  420;  April  15,  62°. 

1890-91. 

The  whitefish  eggs  collected  this  season  were  mainly  from  Lake 
Huron,  in  the  vicinity  of  the  station.  The  taking  of  spawn  began 
October  4  and  was  concluded  December  6, 1890,  the  result  being  nearly 
51,000,000,  of  which  about  one-third  were  from  fish  taken  in  gill  nets. 
Most  of  the  eggs  were  from  the  first  run  of  fish,  the  greater  portion 
being  obtained  within  a  period  of  eight  days.  There  were  transferred 
to  other  stations  20,500,000.  Hatching  occurred  April  10  to  30, 1891, 
and  fry  to  the  number  of  24,060,000  were  liberated  during  April  and 
the  early  part  of  May. 

The  collection  of  lake  trout  eggs  commenced  September  23, 1890, 
in  the  vicinity  of  Beaver  Islands,  the  entire  number,  nearly  5,000,000, 
being  forwarded  to  Northville  Station. 

The  water  temperature  September  30  was  60^  F.;  October  31,  45°; 
during  three  months  following  November  30  it  was  32^^  to330;  during 
March,  340;  on  April  15,  36©;  on  May  5,  46o. 

The  immediate  supervision  of  the  station  has  been  under  Mr.  S.  P. 
Wires,  foreman. 
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DuLUTH  Station,  Minnesota  (R.  O.  Sweeny,  Sr.,  Superintendent). 

188&-90. 

Operations  consisted  principally  in  developing  eggs  transferred  from 
other  stations^  though  a  number  of  pike  perch  eggs  were  collected. 

Whitefish. — ^Abont  26,250,000  whitefish  eggs,  in  seven  consignments 
of  two  cases  each,  received  from  Northville  Station  January  4  to  31, 
1890,  produced  24,850,000  fry.  Some  of  the  eggs  hatched  prematurely, 
owing  to  the  high  temperature  attained  during  their  transfer,  resulting 
in  the  release  of  about  7,000,000  fry  from  January  to  March,  inclusive, 
in  advance  of  the  normal  hatching,  which  commenced  about  April  15. 
The  fry  were  placed  in  Lake  Superior,  off  the  mouth  of  Lester  Eiver. 

Brook  trout — Eggs  to  the  number  of  30,000,  received  from  Northville 
February  3, 1800,  began  to  hatch  March  21,  and  27,000  fry  were  released 
June  12,  in  Baptism  Biver;  1,000  fry  were  held  over  to  the  succeeding 
fiscal  year  for  further  rearing. 

Lake  trout. — 1,000,000  eggs  received  from  Northville  January  5, 1890, 
infour  cases,  produced  935,000  fry ;  of  these,  400,000  of  premature  hatch- 
ing were  liberated  in  Lake  Superior  in  April.  There  were  also  300,000 
released  in  June.  The  balance  were  held  for  further  rearing.  The 
normal  hatching  of  the  eggs  commenced  March  21. 

Loeh  Leven  trout — ^There  were  12,000  Loch  Leven  trout  eggs  received 
from  Northville  February  27,  and  from  these  11,000  iiy  were  on  hand, 
in  rearing  troughs,  June  30, 1890. 

Von  Behr  trout — ^Eggs  to  the  number  of  8,000  were  received  from 
Northville  February  27.  The  fry  produced  therefrom,  and  on  hand  June 
30, 1890,  amounted  to  7,280.  A  consignment  of  eggs  fiom  Cold  Spring 
Harbor,  Kew  York,  was  without  result,  they  being  dead  on  arrival. 

Landlocked  salmon, — ^There  were  48,000  landlocked  salmon  on  hand 
in  troughs  and  rearing  ponds  June  30, 1890,  which  were  the  product  of 
60,000  eggs  received  frt)m  Schoodic  Station  in  March. 

Pike  perch, — On  May  5, 1890, 600,000  pike  perch  eggs  were  collected, 
the  fry  produced  therefrom  amounting  to  580,000,  which  were  released 
May  9  to  25,  at  the  mouth  of  Lester  Biver. 

The  water  temperature,  after  remaining  at  32^  F.  for  four  months, 
rose  to  34^  April  10, 1890,  the  mean  morning  temperature  during  April 
being  34]V^9  a^d  during  May  45§o.  in  February  the  mean  air  tempera- 
tare  was  12}^,  iTiftTiTnTifn  40^,  and  minimum  16^  below  zero. 

1890-91. 

• 

During  this  year  many  improvements  were  made  looking  to  the  com- 
pletion of  the  station.  In  consequence  of  the  denudation  of  the  land 
areas  along  Lester  Biver  (caused  by  disastrous  forest  fires,  the  opera- 
tions of  lumbermen,  and  the  clearing  incident  to  the  suburban  growth 
of  the  dty  of  Duluth)  it  was  found  that  the  gravity  supply  of  water  to 
the  hatchery  firom  that  stream  could  no  longer  be  relied  upon.  When 
the  hard  freezing  weather  occurred  the  stream  was  dried  up,  and  the 
lake  was  drawn  upon,  water  being  obtained  by  pumping. 
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Whitefish.—On  February  6, 1891, 12,000,000  eggs  were  received  from 
the  Alpena  Station,  and  hatched  April  15  to  May  19  following,  the 
product  in  fry  being  11,330,000. 

Lake  trout. — ^There  were  also  received  from  NorthviUe  500,000  lake 
trout  eggs,  which  produced  486,000  fry,  a  part  being  liberated  April 
28  to  June  30,  and  128,000  being  retained  for  rearing. 

Von  Behr  trout. — 15,000  Von  Behr  trout  were  produced  frt>m  20,000 
eggs  received  from  Korthville,  the  fry  being  released  in  Baptism  Biver 
and  other  local  waters,  in  June,  1891,  except  400,  which  were  retained. 

Landlocked  salmon. — 50,000  eggs  from  Schoodic  Station  produced 
30,000  healthy  fry,  which  were  retained  for  rearing. 

Pike  perch.'-On  April  29, 1891,  47,000,000  pike  perch. eggs  were  col- 
lected by  the  station  employes  at  Fond  du  Lac,  a  point  30  miles  dis^ 
tant.  There  were  12,000,000  of  the  fertilized  eggs  placed  overboard  at 
the  spawning-grounds,  and  35,000,000  put  in  process  of  hatching,  the 
universal  jar  being  used  in  their  development.  The  fry  obtained 
amounted  to  10,100,000,  which  were  liberated  May  15  to  23. 

Carp. — 610  carp  were  distributed,  these  being  the  survivors  of  a 
shipment  of  1,000  received  from  Washington,  D.  0. 

Of  fingerling  fish,  brought  over  from  the  spring  of  1890,  there  were 
released  in  local  waters  100  brook  trout,  20,000  landlocked  salmon,  and 
235,000  lake  trout. 

The  first  rainfall  of  1891  at  this  station  occurred  April  10,  when  the 
water  again  commenced  to  fiow  through  the  flume  from  Lester  Biver. 
The  general  thaw  setting  in  at  this  time  furnished  an  abundance  of 
water  by  gravity,  which,  however,  was  turbid  and  unsatisfactory.  The 
temperature  of  the  Lester  Biver  water  in  October  was  40|o  F.,  and  in 
November,  32^  without  variation.  In  July,  1891.  it  reached  a  irmYimpm 
of  75°,  the  minimum  being  69°. 

QuiNCY  Station,  Illinois  (S.  P.  Bartlktt,  Superintendent). 

The  work  of  collecting  and  distributing  the  native  food-fishes  of  the 
Mississippi  Basin  from  the  overflow  ponds  and  lakes  formed  during  the 
seasons  of  high  water,  inaugurated  in  the  summer  of  1888,  was  con- 
tinued during  the  period  covered  by  this  report.  The  kinds  and  num- 
ber of  fishes  collected  during  the  two  years  were  as  follows: 


Catfisli 

Buffalo 

Brook  pike 

Perch 

Fresh- water  drum 

Pike  perch 

White  bass 

Black  baM 

Crappie 

Rock  baas 

Sunfiah 

Total.... 


Seaiionof 
1889^-00. 

Season  of 
1890-91. 

11, 116 

2,215 

70 

16,323 

200 

1,000 

10,604 

63,145 

18, 675 

2,864 

6,973 

9,958 

4 

44,406 

21,901 

10,802 

2,435 

133,075 

89,506 
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Nkosho  Station,  Missouri  (William  F.  Paoe,  Superintendent). 

As  stated  in  the  report  for  the  year  1889,  the  early  work  at  the  Neo- 
sho Station  was  confined  to  the  layings  out  of  the  grounds  and  their 
inclosure,  the  building  of  the  necessary  ponds,  and  the  introduction  of 
the  water  supply.  In  October,  1889,  was  begun  the  construction  of 
the  hatching  house,  a  one-story  building,  19  by  37  feet,  with  a  two- 
story  tower,  13  feet  square,  on  the  northeast  comer.  Owing  to  the 
desirability  of  getting  the  station  ready  for  active  work  at  an  early 
date,  the  building  was  erected  by  the  purchase  of  the  necessary  mate- 
rials and  the  employment  of  temporary  labor,  instead  of  under  con- 
tract. An  appropriation  of  $4,000  having  been  made  by  Congress  on 
September  30, 1890,  for  the  completion  of  the  station  and  its  equipment, 
plans  and  speciftcations  were  prepared  for  a  dwelling  for  the  superin- 
tendent of  the  station  and  for  a  hatchery  annex,  containing  an  ice-house 
and  workshops,  and  in  February,  1891,  advertisement  was  made  call- 
ing for  proposals  for  their  construction.  Contracts  were  awarded  to 
the  lowest  bidders,  that  for  the  superintendent's  dwelling  being  given 
to  Mr.  James  T.  Broughal,  of  Joplin,  Mo.,  at  $3,790,  and  that  for  the 
hatchery  annex  to  Mr.  James  Bobinson,  of  Keosho,  at  $890.  Work  on 
these  buildings  was  begun  in  April,  and  at  the  end  of  the  year  they 
were  rapidly  nearing  completion.  The  appropriation  of  $4,000,  above 
referred  to,  proving  insufficient  for  the  purpose,  a  further  appropriation 
of  $1,000  was  made  by  Congress  by  act  approved  March  3, 1891. 

1889-90. 

October,  1889,  marked  the  commencement  of  fish-cultural  operations 
at  this  station,  600  black  bass,  for  breeding  purposes,  being  received 
at  that  time  from  Quincy ,  111.  There  were  received  at  the  same  time  a 
number  of  crappie,  whit^h  failed  to  thrive,  and  others  were  obtained  from 
Indian  Territory.  In  December,  1889,  42  carp  of  a  summer's  growth 
were  received  from  Washington,  D.  G.  Such  rapid  growth  followed 
their  introduction  into  the  ponds  that  they  spawned  twice  during  the 
next  summer.  Other  breeding  fishes  introduced  were  the  tefich,  golden 
ide,  and  goldfish,  which  were  derived  from  other  stations,  and  channel 
cadftsh  obtained  from  the  Grand  Biver,  Indian  Territory. 

The  fry  from  25,000  lake  trout  eggs  received  from  Korthville  Station 
in  January,  1890,  were  attacked  by  a  disease  which  was  accompanied 
by  a  white  spot  in  the  yolk  sack.  Only  750  of  the  young  survived,  but 
these  were  healthy. 

A  consignment  of  25,000  brook  trout  eggs  from  Northville  Station 
January  16  arrived  in  good  condition,  bjat  the  fry  perished  during  the 
absorption  of  the  yolk  sack,  being  affected  in  the  same  manner  as  the 
lake  trout  fry. 

About  12,000  Von  Behr  trout  fry  of  inferior  quality  were  obtained 
from  20,000  eggs  r^oeiv^  from  Forthville  station  February  11, 
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With  the  rainbow  trout  better  results  were  secured,  more  than  22,000 
try  being  on  hand  June  30^  1890,  as  the  product  of  25,000  eggs  received 
from  Wytheville  February  12. 

The  earliest  observed  spawning  date  of  the  goldfish  was  March  12; 
of  the  carp,  May  5 ;  of  the  tench,  May  23. 

Predatory  birds  and  other  animals  were  very  numerous,  and  many 
were  destroyed* 

1890-81. 

The  fish  available  for  distribution  in  October,  1890,  consisted  of  ttie 
production  of  the  previous  fiscal  year.  These  numbered  63,570,  and 
were  as  follows :  Bainbow  trout,  21,051 ;  Yon  Behr  trout,  11*937 ;  lake 
trout,  506;  rock  bass,  1,380;  carp,  1,782;  tench,  9,907;  goldfish,  17,007. 

The  black  bass  commenced  building  their  nests  in  the'  jxinds  toward 
the  end  of  March,  1891,  and  more  than  fifty  were  observed.  By  June 
30, 1891,  many  of  the  young  had  attained  a  length  of  1}  inches. 

Crappie,  carp,  tench,  golden  ide,  rock  bass,  and  goldfish,  as  well  as 
the  black  bass,  reproduced  by  natural  methods,  in  the  ponds,  the  young 
being  retained  there  until  the  season  for  distribution  in  the  subsequent 
fall  months.  An  addition  of  23  brood  crappie  was  obtained  through 
the  Missouri  fish  commissioners. 

During  cold  weather  it  was  observed  that  the  carp  and  tench  iu  the 
ponds  remained  active,  the  channel  catfish,  however,  being  dormant 

The  golden  ide  received  as  fingerlings  in  December,  1889,  made  such 
rapid  growth  that  they  were  of  an  average  length  of  18  inches  by  June 
30, 1891.  They  were  at  first  very  wild,  but  were  rendered  gentle  by  the 
methods  used  iu  their  feeding. 

The  rock  bass  held  as  stock  fish  commenced  spawning  April  21,1891, 
a  chain  of  nests  being  formed  around  the  margin  of  the  pond  in  water 
4  to  6  inches  deep.  The  nests  were  oblong  hollows,  the  size  of  a  h^ 
crown,  and  were  covered  with  coarse  gravel.  There  were  1,500  to  1,800 
eggs  in  each,  of  a  deep  straw  color,  somewhat  smaller  than  shad  eggs, 
and  slightly  adhesive,  though  not  in  lumps.  The  nests  were  closely 
guarded  by*  the  male  parents,  the  period  of  hatching  being  eight  to  ten 
days. 

A  thousand  rainbow  trout,  hatched  in  the  spring  of  1890,  were  re- 
tained as  brood  fish  and  have  made  rapid  growth. 

On  January  17, 1891, 17,400  rainbow  trout  eggs  were  received  from 
Wytheville  Station,  which  afforded  more  than  13,000  fry  for  transfer  to 
the  rearing  ponds. 

A  consignment  of  17,000  brook  trout  eggs  arrived  from  l^orthville 
Station  January  25, 1891.  The  fry  frx>m  these  underwent  a  loss  while 
in  the  yolk  stage,  as  in  the  preceding  year,  but  on  April  1  more  than 
11,000  remained  on  hand  for  rearing.  By  June  1  some  of  them  were  3 
inches  long. 
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A  oonsignment  of  19,000  Yon  Behr  trout  eggs,  received  from  North- 
yiUe  February  5, 1891,  produced  satisfactorily,  there  being  more  than 
17,000  fry  on  hand  April  1.  A  second  consignment  of  6,900  eggs  from 
the  same  source  also  produced  well,  there  being  5,500  fry  on  hand  May 
11.    These,  in  addition  to  the  17,000,  were  retained  for  rearing. 

y  igilance  was  required  to  protect  the  stock  of  fish  against  predatory 
animals,  and  during  the  year  there  were  killed  168  birds,  21  mammals, 
and  98  reptiles,  not  including  frogs. 

In  addition  to  the  constructions  provided  under  the  specific  appro- 
priations before  mentioned,  there  was  built,  for  the  use  of  the  Com- 
mission's distributing  cars,  a  siding  from  the  Kansas  City,  Fort  Smith 
and  Southern  Bailway.  A  connection  was.  also  made  with  the  water 
main  of  Neosho  for  suppljdng  the  station,  as  well  as  the  distribution 
ears  while  occupying  the  railway  siding. 

LiKADViiui  Station,  Colorado  (E.  M.  Robinson  and  H.  D.   Dean,  Supbrin- 

TBNDKNTS). 

In  the  report  for  1888  mention  was  made  of  the  location  of  a  station 
near  Leadville,  Colo.,  for  the  breeding  and  rearing  of  trout,  and  of  the 
appropriation  by  Congress  of  (15,000  for  the  necessary  constructions. 
As  soon  as  this  sunt  became  available,  July  1, 1889,  plans  and  specifi- 
cations for  a  fish-hatchery  were  prepared  and  proposals  for  its  erection 
invited  by  advertisement.  But  one  bid  being  received,  and  that  for  a 
sum  greater  than  the  appropriation,  a  second  call  was  made,  resulting 
in  the  receipt  of  three  bids,  the  lowest  being  that  of  Mr.  L.  G.  Hunt, 
of  Pueblo,  Colo.,  at  (12,672.  This  was  accepted,  and  on  October  14, 
1889,  formal  contract  for  the  construction  of  the  building  was  made. 
Work  was  immediately  begun,  but  owing  to  many  causes,  chiefly  bad 
weather  and  roads,  the  building  was  not  completed  till  October,  1890, 
final  acceptance  of  the  structure  not  being  given  till  Kovember  1. 

In  view  of  the  failure  to  receive  suitable  prox)osals  in  resxK)nse  to  the 
first  call,  and  the  delay  that  would  ensue  before  new  prox)osals  could 
be  obtained  and  the  contract  let,  which  would  have  resulted  in  the  loss 
of  a  year's  time  in  the  active  work  of  propagation,  it  was  decided  to 
erect  a  frame  building  which  could  be  used  as  a  temporary  hatchery 
and  afterward  as  a  rearing-house  for  fry.  A  box  flume,  some  740  feet 
in  length,  was  laid  to  bring,  by  ^avity,  from  springs  on  the  hillside,  a 
supply  of  water  to  the  hatchery.  Active  work  was  commenced  on  Sep- 
tember 9, 1889,  and  the  structure  was  ready  for  the  reception  of  eggs 
about  the  middle  of  October.  In  the  meantime,  by  permission  of  the 
owner.  Dr.  John  Law,  8,000  brook  trout  were  taken  from  the  Evergreen 
Lakes  and  held  in  ponds  till  ready  to  spawn.  From  these  fish  568,000 
eggs  were  obtained  and  placed  in  troughs  in  the  temporary  hatchery. 
The  erection  of  this  temporary  hatchery  was  under  the  general  direc- 
tion of  Mr.  John  Gk^y,  inspector  of  stations,  assisted  by  Mr.  William 
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P.  Sauerhoff,  an  expert  carpenter,  who  had  had  many  years' experienoe 
in  the  fish-oultoral  work  of  the  Commission.  On  September  21,  Mr.  E. 
M.  Bobinson,  for  a  number  .of  years  connected  with  the  Commission, 
and  who  had  been  in  charge  of  flsh-cultoral  work  at  several  of  its 
stations,  was  appointed  superintendent. 

An  additional  appropriation  of  (20,000  having  been  made  August  30, 
1890,  for  the  completion  and  equipment  of  the  station,  plans  and  speci- 
fications were  prepared  for  a  superintendent's  dwelling  and  stable. 
After  due  advertisement,  contracts  were  made  in  May,  1891,  at  $5,887.93 
for  the  dwelling,  with  Messrs.  Baldwin  &  Chronister,  and  at  (1,820  for 
the  stable  and  wagon  house,  with  Mr.  W.  W.  Cable,  both  contractors 
doing  business  in  Leadville.  The  supervision  of  the  work  of  construe* 
tion  was  placed  in  charge  of  Mr.  George  H.  Tolbert,  under  the  general 
direction  of  Mr.  H.  D.  Dean,  who  was  appointed  superintendent  on 
April  15,  1891,  succeeding  Mr.  Bobiuson,  who  had  resigned  to  take 
charge  of  a  private  fish-cultural  establishment 

1889-80. 

The  period  of  active  fish-cultural  operations  extended  from  Novem- 
ber, 1889,  to  June  30, 1890,  the  collection  of  eggs  being  568,000  of  the 
brook  trout  previously  referred  to,  and  12,000  of  the  black-spotted  trout 
In  addition  to  these  there  were  25,000  brook  trout  eggs  and  20,000  Loch 
Leven  trout  eggs  forwarded  from  the  Northville  Station. 

The  distribution  of  brook  trout  eggs  included  50,000  to  Fort  Gaston 
Station,  California,  and  25,000  to  Korthville  Station,  Michigan.  The 
remainder  of  the  eggs  were  retained  for  hatching  and  rearing,  with 
the  exception  of  126,800  fry,  which  were  given  to  Dr.  John  Law,  in 
exchange  for  the  use  of  his  stock  fish. 

There  were  collected  from  Twin  Lakes  1,014  black -spotted  trout  for 
breeding  purposes,  and  from  Hock  Creek,  32;  100  of  these  were  for- 
warded to  Wytheville  Station.  From  Eock  Creek  there  were  collected 
58  brook  trout. 

1890-91. 

The  eggs  obtained  this  year  from  the  stock  brook  trout  of  Dr.  John 
Law  amounted  to  180,000.  They  were  of  the  later  yield,  and  defective 
in  fertilization,  as  a  result  of  the  scarcity  of  milt.  From  these  a  ship- 
ment of  5,000  was  made  to  the  Wyoming  Fish  Commission,  at  Laramie. 
The  eggs  retained  hatched  at  different  times,  and  a  high  mortality  oc- 
curred among  the  fry  as  a  result  of  cannibalism.  The  number  remaining 
on  hand  May  1, 1891,  was  but  41,000. 

In  addition  to  the  eggs  taken  by  the  station,  20,000  brook  trout  eggs 
were  obtained  from  Caledonia,  N.  T.,  January  31, 1891.  On  May  1  the 
fry  from  these  amounted  to  14,000. 

A  consignment  of  100,000  eggs  of  Von  Behr  trout  was  presented  by 
the  New  York  Fish  Commission,  the  young  therefrom  being  68,000  on 
Mayl. 
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On  Jane  30, 1891,  in  addition  to  the  fish  already  mentioned,  there 
were  on  hand  the  following:  149  brook  trout,  1,000  black-spotted  trout, 
and  5  rainbow  trout,  all  breeders;  of  yearlings,  19,000  brook  trout,  700 
black-spotted  trout,  and  500  Loch  Leven  trout.  Of  the  black-spotted 
trout  there  were  also  800  fry  and  50,000  eggs. 

The  distribution  of  fish  took  place  between  September  16  and  Novem- 
ber 21, 1890,  when  20,000  yearling  trout  were  famished  to  Nebraska, 
16,000  to  South  Dakota,  and  23,000  to  Colorado  waters. 

The  construction  of  the  new  hatchery  was  sufficiently  advanced  by 
January,  1891,  to  x>ermit  the  introduction  of  the  water  supply,  and 
about  the  middle  of  February  the  eggs  were  transferred  thereto  from 
the  temporary  hatchery. 

The  temperature  of  the  water  supply  in  December  and  January  was 
449  F.  without  variation,  and  in  April  43^  without  change.  During 
eleven  days  in  January,  1891,  the  air  was  below  zero. 

Baird  Station^  California  (George  B.  Wuxiamb,  Jr.,  SapsRiNTBirDBirr). 

1889-90. 

The  act  approved  March  2, 1889,  appropriated  the  sum  of  (4,000 
<<for  the  construction  of  a  quarters  building  at  the  U.  S.  Fish  Com- 
mission Station,  Baird,  Galifomia,  and  its  equipments."  Plans  and 
specifications  were  prepared  for  a  l^-story  building  30  by  40  feet,  with 
two  12-foot  additions.  Owing  to  the  isolation  of  the  station  it  was 
found  imi>068ible  to  contract  for  the  construction  of  the  building,  and 
it  became  necessary  to  do  the  work  by  the  purchase  of  materials  and 
the  emplojment  of  such  men  as  could  be  secured  in  the  vicinity.  The 
cost  of  the  building,  including  the  compensation  of  the  employes,  was 
$3,882.58,  and  for  its  equipment  and  incidental  expenses,  $117.42. 

The  construction  of  this  building  was  begun  October,  1889,  and  was 
completed  late  in  April,  the  slow  progress  being  caused  by  continued 
rains,  which  prevented  the  prompt  delivery  of  materials.  The  building 
is  substantial  and  comfortable. 

On  July  1, 18S9,  preparations  were  begun  for  the  capture  of  the 
adult  quinnat  salmon.  The  high  water  in  the  preceding  March  having 
destroyed  the  piers,  stringers,  and  racks  of  the  dam  in  the  McGloud 
Biver,  built  for  obstructing  the  ascent  of  the  salmon,  the  erection  of  a 
practically  new  structure  was  made  necessary.  Two  new  spawning 
sheds  and  salmon  corrals  were  built,  new  seining  apparatus  provided, 
the  seine-haul  cleaned,  the  roads  repaired,  the  buildings  overhauled  and 
painted,  and  a  rotary  pump  geared  to  a  water  wheel,  so  that  a  supply 
of  7,000  gallons  of  water  per  hour  was  obtained. 

By  driving  the  salmon  upward  from  the  shallows  situated  below  the 
diun,  and  the  constant  use  of  the  seine  in  conjunction  therewith,  a  suf- 
number  of  fish  was  secured  in  the  first  run,  August  27  to  Septem- 
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ber  26, 1889,  to  produce  1,105,000  6gg&  The  captures  amounted  to  1,129 
males  and  382  females,  252  of  the  latter  being  in  spawning  condition. 
The  small  production  was  the  result  of  the  decreased  run  of  adults. 

Of  the  eggs  taken,  974,000  were  shipped  to  the  hatchery  of  the  Cal- 
ifornia Fish  Commission  at  Sisson,  where  they  were  hatched  and  the  fry 
released  in  the  Sacramento  Biver.  Those  retained  produced  60,000  fry, 
which  were  liberated  in  McCloud  Eiver. 

On  October  7, 1889,  stormy  weather  began  and  rising  waters  made 
imperative  the  lifting  of  the  obstructing  racks,  thereby  permitting  the 
free  passage  and  escape  of  the  adult  salmon  into  the  head  streams. 
Fishing  for  the  late  run  was  resumed  October  16,  but  another  rise  in 
the  river,  five  days  later,  submerged  and  washed  out  a  portion  of  the 
dam  and  endangered  the  safety  of  the  power  wheel  and  buildings. 
Large  numbers  of  salmon  again  passed  on  above.  Beceding  water 
permitted  the  renewal  of  the  dam  November  5,  but  there  were  very 
few  brood  fish  subject  to  capture  remaining  in  the  lower  stream.  From 
November  9  to  19,  something  over  600,000  eggs  were  secured.  These 
were  from  a  catch  of  94  males  and  170  females,  119  of  the  latter  having 
ripe  spawn.  Freshets  continued  every  month  till  June,  1890,  the 
height  of  the  water  reaching  15  feet  in  February.  On  December  2  the 
wheel  boats  requiring  to  be  dropped  into  an  eddy  for  safety,  the  water 
supply  was  obtained  by  means  of  the  steam  pump. 

On  December  14, 1889, 125,000  eggs  were  forwarded  to  New  York, 
for  shipment  to  France  and  Norway;  on  December  16, 100,000  to  Fort 
Gaston  Station;  and  on  December  17,  ^5,000  to  the  California  fish 
commissioners  at  Sisson.  From  those  retained,  24,000  fry  were  pro- 
duced and  liberated  in  McCloud  Biver,  1,000  being  held  till  March,  and 
successfrilly  nourished  on  corn-meal  mush  boiled  with  beef.  The  total 
loss  on  the  1,709,000  eggs  taken  was  71,000,  or  about  4  per  cent. 

The  early  run  of  salmon  yielded  their  eggs  in  water  at  about  60^  F., 
the  temperature  descending  as  low  as  50^  on  one  day;  the  late  run 
spawned  in  a  temperature  ranging  from  45°  to  50o. 

1890-91. 

In  consequence  of  damages  sustained  from  the  high  water  of  the 
previous  spring,  it  was  again  necessary  to  renew  the  obstructing  dam 
and  accessories.  Its  rebuilding  was  conmienced  July  1,  1890,  native 
timbers,  cut  in  May  by  the  station  employes,  being  utilized. 

Everything  was  in  readiness  August  27,  when  the  schools  of  spawn- 
ing salmon  arrived.  Between  this  date  and  September  23, 1890,  912 
fish  yielded  3,652,000  eggs.  Of  these,  60,000  were  forwarded  to  E.  Ch4- 
zari.  City  of  Mexico,  and  2,838,000  to  the  California  fish  commissioners, 
from  September  24  to  October  10,  frirther  shipments  being  discontinued 
on  the  receipt  of  a  message  that  their  hatchery  was  filled.  The  remain- 
ing eggs  were  developed  at  Baird  Station,  the  production  of  fry  being 
682,000. 
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Seining  for  the  fish  of  the  late  run  was  commenced  Kovember  6, 
1890.  The  continued  low  water  of  the  river,  however,  permitted  unin- 
terrupted fishing  by  cannery  operators  on  the  Sacramento  Biver  below, 
and  only  a  small  number  escaped  their  nets  to  reach  the  station.  The 
season  of  collecting  termiuated  November  25,  with  the  obtainment  of 
64  ripe  females,  which  produced  263,000  eggs.  Of  these  eggs,  100,000 
were  forwarded  December  31,  via  New  York,  to  France.  The  remainder 
were  hatched  at  the  station  and  produced  140,000  fry,  which,  with  the 
582,000  fry  of  the  earlier  hatching,  were  liberated  in  McGloud  Eiver 
and  its  tributary,  the  Pit  Biver.  The  total  loss  of  eggs  at  the  station 
was  205,000,  or  about  5  x)er  cent.  In  releasing  the  722,000  fry  the  seine 
skiff  was  used  with  much  advantage,  the  cans  being  placed  therein  and 
the  fry  put  out  in  small  numbers  at  various  shallows  in  the  river 
occurring  in  a  distance  of  about  5  miles. 

Fort  Gaston  Station,  California  (Capts.  W.  E.  Dougherty,  U.  S.  Army,  and 

Frank  H.  Edmunds,  U.  S.  Army,  in  charge). 

In  view  of  the  urgent  and  many  requests  received  from  citizens  in 
the  regions  of  theEocky  Mountains  and  the  Pacific  coast  to  stock  their 
waters  with  suitable  food-fishes,  and  the  difficulties  and  cost  attending 
shipments  fr^m  the  eastern  stations  of  the  Commission,  the  question  of 
locating  fish-cultural  stations  on  the  military  reservations  of  those 
regions  was  considered,  and  Lieut.  Commander  J.  J.  Brice,  U.  S.  Navy, 
who  was  employed  under  detail  from  the  Kavy  Department,  was  di- 
rected to  make  a  reconnaissance.  Upon  his  report  and  recommenda- 
tions the  reservation  at  Fort  Gaston,  Humboldt  County,  Cal.,  was 
decided  upon  as  offering  the  necessary  requirements;  and,  in  compli- 
ance with  the  request  of  this  office,  the  Secretary  of  War,  on  October 
16, 1889,  gave  instructions  permitting  the  use  of  a  portion  of  the  same 
by  the  Fish  Commission.  The  organization  of  the  station  was  intrusted 
to  Mr.  Brice,  who  arrived  at  the  place  the  latter  part  of  2^ovember  with 
some  of  the  equipment.  The  use  of  a  building,  32  feet  by  16  feet,  into 
which  an  abundant  supply  of  pure,  cold  water  was  led  by  gravity, 
was  granted  by  the  commandant  of  the  post,  Capt.  W.  E.  Dougherty, 
U.  8.  Army,  who  also  undertook  the  general  charge  of  the  conduct  of 
the  station.  Mr.  W.  H.  Morgan,  who  was  serving  as  fish-culturist  at 
one  of  the  eastern  stations  of  the  Commission,  was  assigned  as  f<9reman. 
Capt.  Dougherty  remained  in  charge  of  the  work  till  October  1, 1890, 
when  he  was  succeeded  by  Capt.  F.  H.  Edmunds,  U.  S.  Army,  who  had 
been  placed  in  command  of  the  post. 
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1880-90. 

In  December,  1889, 100,000  qninnat  salmon  eggs  were  received  firom 
Baird  Station.  These  were  developed  in  universal  hatching  jars  and 
hatched  from  January  5  to  25, 1890.  The  fry  commenced  feeding  in 
February,  and  were  transferred  in  March  to  ponds,  in  which  they 
remained  till  the  end  of  June,  when  the  water  temperature  becoming 
rather  high  they  were  released  in  Trinity  River.  They  were  about  4 
inches  long  and  were  90,000  in  number. 

High  water  in  Trinity  River  prevented  the  establishment  of  the  pro- 
posed barrier  dam  in  advance  of  the  upward  movement  of  the  spring 
run  of  salmon,  consequently  no  eggs  were  derived  from  this  source. 

1890-01. 

Dams  and  traps  for  stopping  and  capturing  the  salmon  and  trout 
were  constructed  both  in  the  Trinity  and  Redwood  rivers.  On  the 
latter  stream  at  Redwood,  a  point  13  miles  distant  from  Fort  Gaston, 
an  auxiliary  station  was  established. 

The  collecting  of  the  eggs  of  the  quinnat  and  steelhead  salmon  was 
begun  in  November,  1889,  and  continued  three  months.  A  dry  season 
caused  low  water  in  the  streams,  and  but  a  comparatively  small  num- 
ber of  fish  ascended  to  the  usual  spawning-grounds.  At  Fort  Gaston 
there  were  secured  46,000  eggs,  producing  40,000  fry,  30,000  of  which 
were  liberated  in  Supply  Creek,  a  tributary  of  Trinity  River,  and  10,000 
retained  for  rearing.  These  latter  were  liberated  subsequent  to  June 
30, 1891.  At  the  auxiliary  station  at  Redwood  30,000  salmon  eggs  were 
collected,  and  produced  about  25,000  fry,  which,  at  the  age  of  1  month, 
were  released  in  Minor  Creek,  a  tributary  of  Redwood  River,  where 
they  remained  in  schools  for  some  weeks. 

During  the  development  of  the  eggs  the  temperature  of  the  water 
was  38°  to  450,  and  the  period  of  incubation  fifty-seven  days. 

There  were  three  new  rearing  ponds  constructed.  In  one  of  these 
about  200  breeding  rainbow  trout  were  held  till  after  June  30, 1891. 

A  water  supply  independent  of  that  of  the  military  reservation  was 
obtained  by  means  of  a  trench  which  was  constructed  along  the  moun- 
tain side  over  a  distance  of  about  a  fourth  of  a  mile. 

Clackamas  Station  Oregox  (Waldo  F.  Hubbard^  Supbrintkitornt). 

188^-90. 

By  July  1, 1889,  many  quinnat  salmon  had  collected  below  the  ob- 
structing dam  across  Clackamas  River. 

The  station  was  visited  by  the  Commissioner  September  5, 1889,  when 
it  was  decided  to  purchase  a  steam  pumping  plant  rather  than  attempt 
to  rebuild  the  reservoir  dam  on  Cedar  Creek.  Pending  the  introduc- 
tion of  the  pumping  machinery,  which  was  in  operating  condition  by 
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September  19,  a  temporary  hatchery  was  built  for  the  earlier  take  of 
eggs,  the  building  being  supplied  with  water  by  gravity  from  a  small 
brook. 

From  August  19  to  September  11  four  slat  traps  were  constructed, 
one  being  placed  in  the  Clackamas  dam  Qiud  the  others  on  the  shallows 
below,  at  the  lower  end  of  the  ripple,  in  the  swiftest  water,  and  in  such 
a  i)osition  that  the  current  passed  through,  leaving  the  fish  stranded. 
Wings  were  extended  from  the  trap  mouths  upward  at  an  angle,  throw- 
ing nearly  the  entire  volume  of  the  stream  through  the  slats.  The  fish 
were  then  surrounded  by  a  seine,  which,  being  drawn  downward,  forced 
them  into  the  trap.  Fish  were  also  captured  by  means  of  dip  nets  and 
the  seine. 

The  period  occupied  in  collecting  eggs  was  from  August  28  to  No- 
vember 6,  1889,  the  production  being  4,314,000  from  957  fish.  The 
largest  day's  operations,  September  27,  yielded  208,000  eggs,  the  small- 
est day's  production  being  4,000.  There  were  only  two  days  when  no 
eggs  were  taken.  No  record  was  made  of  the  number  of  male  fish 
caught;  they  were,  however,  largely  in  excess  of  the  females. 

Mr.  Beed,  of  the  Oregon  Fish  Commission,  received  1,000,000  of  the 
eggs  late  in  October,  1889.  These  were  hatched  and  released,  under 
State  supervision,  at  the  Cascades  on  the  Columbia  Eiver.  AU  other 
eggs  taken  were  hatched  at  the  station,  and  the  fry,  8  to  10  weeks  old, 
deposited  in  Clackamas  Biver  and  Cedar  Creek.  The  distribution  of 
fry  extended  from  November  5  to  April  15, 1,000,000  being  conveyed 
7  to  10  miles  up  the  stream  and  put  out  in  small  lots  in  the  rapids. 
The  fry  liberated  amounted  to  85  per  cent  of  the  eggs  retained  at  the 
station. 

All  eggs  were  measured  in  a  cup  of  1,000  capacity  and  remeasured 
just  prior  to  hatching. 

On  November  7  the  brook  had  increased  in  volume,  in  consequence 
of  rain&ll,  and  the  pumping  outfit  was  but  little  used  in  the  subsequent 
oi>erations. 

From  January  2  to  8, 1890,  there  was  snowfall  and  such  cold  weather 
that  it  was  with  difficulty  the  hatching  troughs  were  prevented  from 
filling  with  ice,  the  thermometer  registering  as  low  as  zero*  Another 
cold  spell  prevailed  late  in  February,  when  the  water  in  the  station 
was  down  to  31°  F.  On  February  1  the  river  rose  14  feet,  covering  to 
a  depth  of  3  inches  the  grounds  occupied  by  the  hatchery  and  quarters 
baildiiig& 
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1890-91. 

An  additional  steam  pamp,  as  a  reserve  in  case  of  accident,  was  pro- 
vided. In  the  month  of  July,  1890,  the  obstruction  rack  was  placed  in 
the  dam  to  arrest  the  upward  passage  of  the  adult  salmon.  A  g^te  with 
sheerbooms,  for  feusilitating  the  onward  passage  of  drift  timber  on  high 
water,  was  introduced  into  the  dam.  Five  days  were  consumed  in  re- 
moving the  saw  logs,  which  had  grounded  in  the  seining  area,  but  all 
could  not  be  cleared  out,  and  the  strong  current  incident  to  their  pres- 
ence being  a  barrier  to  successful  operations  in  hauling,  it  became  nec- 
essary to  use  gill  nets  in  the  capture  of  the  adult  fish.  Owing  to  the 
construction  of  a  dam  in  the  river  below  the  station  and  the  operation 
of  nets  by  commercial  fishermen,  the  ascent  of  a  great  number  of  fish 
was  hindered. 

The  collection  of  the  eggs  was  commenced  September  16, 1890,  and 
the  first  hatching  took  place  about  the  end  of  October.  Eggs  continued 
to  be  taken  until  November  16,  the  total  firom  1,094  females  amounting 
to  6,860,000.  Of  these,  700,000  were  delivered  October  22  and  November 
5, 1890,  to  the  Oregon  fish  commissioners.  The  remainder  were  hatched 
at  the  station  and  the  fry  placed  in  Clackamas  Eiver  and  its  tributa- 
ries. The  fry  produced  were  4,902,000  or  about  95  per  cent  of  the  eggs 
retained. 

In  January,  1891,  the  hatching  took  place  so  rapidly  that  use  had  to 
be  made  of  the  troughs  of  the  improvised  hatchery  of  the  previous  year, 
to  prevent  suffocation  among  the  fry.  Hatching  terminated  in  Febru- 
ary, the  fry  having  been  liberated  from  week  to  week,  within  a  river 
scope  of  3  miles,  as  they  arrived  at  the  age  to  begin  to  take  food. 
About  1,000,000  were  released  subsequent  to  March  1.  In  the  months 
of  May  and  June,  1891,  the  rack  and  traps  were  again  overhauled  and 
put  in  position  for  the  operations  of  the  coming  season. 

Aquaria  at  Central  Station,  Washington,  D.  C.  (W.  P.  Seal,  in  charge). 

188^90. 

In  July,  1889,  a  new  hot-air  engine,  equipped  with  vulcanized  rubber 
pump  and  piping,  was  introduced  for  circulating  the  salt  water,  the 
brass  piping  being  laid  aside.  By  February,  1890,  the  water  was  ren- 
dered so  clear  by  means  of  filters  that  all  objects  could  be  distinctly 
seen.  The  salt  water  lost  by  leakage  was  made  up  by  supplies  produced 
at  the  station  by  dissolving  Turk  Island  salt  in  filtered  water  at  the 
proper  density;  1,000  gallons  of  sea  water  from  Chesapeake  Bay  were 
furnished  by  the  steamer  Fish  Hawk. 

Collections  of  salt-water  objects  were  received  throughout  the  year, 
principally  from  Woods  HoU  Station,  some  being  received  fi^m  Glou- 
cester Station,  Mass.,  and  others  from  Portland,  Me.,  and  the  New  Jer- 
sey coast.    Fresh- water  specimens  were  derived  from  the  fish  i>oiid8| 
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Washington,  D,  C,  the  Potomac  Eiver,  creeks  in  Virginia  accessible 
to  the  station  by  wagon,  and  from  Fort  Washington  Station,  Md. 

Spawning  was  observed  in  the  fresh- water  aquaria  as  follows :  Yellow 
perch,  fifteen  dex>osits  of  eggs  from  December  to  April,  inclusive;  three 
mussels  in  March  and  April;  rainbow  and  tessellated  darters  in  April. 
Yearling  rainbow  trout  were  held  through  the  month  of  May  in  a  tem- 
perature of  720  to  760  F. 

In  the  salt  water  a  rainbow  trout  spawned  in  March,  1890,  after  hav- 
ing deposited  eggs  a  month  previous  in  freshwater;  several  nests  were 
built  by  the  two-spined  sticklebacks  in  April  and  May;  several  common 
killiflsh  spawned  in  April;  and  in  June  king  crab  eggs  were  received 
and  hatched.  From  unknown  causes  mollusca,  hermit-crabs,  anemones, 
starfish,  and  sea-urchins  could  not  be  successfully  kept. 

Colored  and  plain  sketches  were  made  by  Mr.  S.  F.  Denton  illustrat- 
ing the  spawning  habits  of  mussels  and  of  rainbow  and  tessellated 
darters. 

1890-91. 

Two  collecting  trips  were  made  down  the  Chesapeake  Bay,  and 
specimens  were  also  obtained  from  Woods  Holl  Station,  Cold  Spring 
Harbor,  and  from  other  sources  through  the  distribution  cars.  Young 
shad,  3  to  4  inches  long,  received  from  the  fish  ponds,  Washington, 
D.  C,  in  October,  1890,  were  with  partial  success  held  in  the  salt-water 
aquaria.  Atlantic  and  quinnat  salmon,  and  rainbow,  brook,  and  lake 
trout  yearlings  were  successfnlly  kept  in  the  salt  water.  About  No- 
vember 1, 1890,  a  large  female  skate  was  received  and  placed  in  a  salt- 
water tank;  in  January  several  eggs  were  deposited,  which,  on  May 
12,  were  found  to  contain  living  embryos.  Both  the  common  newt  and 
top-minnow  reproduced  in  April  in  fres^  water. 

In  December,  1890,  the  salt-water  temperature  fell  to  48°  F.,  when 
artificial  heat  was  introduced  into  the  tank  room,  which  maintained  a 
temperature  of  50^  to  549  during  the  remainder  of  the  winter.  In  June 
the  temperature  went  up  to  80^. 

Stxameb  Fish  Hawk  (Libut.  Robrkt  Platt,  U.  S.  N.,  Commandino). 

1889-90. 

After  the  establishment  of  the  shore  station  at  Gloucester  City  the 
FUh  HawlCj  as  in  previous  years,  entered  upon  the  propagation  of  shad 
on  the  Delaware  Biver.  The  vessel  was  anchored  off  Gloucester,  the 
water  supply  used  in  hatching  operations  being  taken  directly  from  the 
river.  The  crew  began  taking  eggs  April  30,  using  the  launch  Petrel. 
The  river  temperature  was  57°  F.  By  May  16  the  water  had  risen  to 
d3o,  when  the  collections  of  eggs  amounted  to  27,234,000.  On  May  23 
they  amounted  to  33,915,000,  when  the  work  closed,  the  temperature 
being  64^.    There  were  produced  20,596,000  fry,  which  were  liberated 
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principally  in  the  headwaters  of  the  Delaware  Biver.  In  addition, 
3,654,000  eggs  were  transferred  to  the  land  station,  for  lack  of  space, 
and  15,000  forwarded  to  H.  H.  Fields,  Maseam  of  Oomparative  Zoology, 
Gambridge,  Mass.,  for  biological  stndy. 

The  Gloucester  Point  seine  afforded  2,488,000  eggs,  which  produced 
81  per  cent  in  fry ;  Faunce's  seine,  10,566,000  eggs,  which  produced  70 
per  cent  in  fry;  and  Howell  Cove  seine,  20,861,000,  which  yielded  65 
per  cent  in  fry.  The  number  of  days  when  eggs  were  obtainable  from 
these  seines  was  12, 14,  and  17,  respectively.  More  than  1,000,000  eggs 
per  day  were  procured  during  five  days  at  Faunce's;  at  Howell  Gove 
more  than  1,000,000  a  day  for  five  days  and  more  than  2,000,000  a  day 
during  five  other  days.  The  average  production  of  eggs  to  each  fish 
was  49,000,  which  is  largely  in  excess  of  the  yield  at  the  Susouehanna 
and  Potomac  river  stations. 

1890-91. 

On  June  17, 1891,  operations  were  commenced  in  the  propagation  of 
Spanish  mackerel,  the  locality  selected  being  Gape  Charles,  Virginia. 
At  the  end  of  the  fiscal  year  covered  by  this  rep^t,  June  30, 1891,  the 
work  was  in  progress,  the  results  to  that  date  being  embodied  in  tab- 
ular form.  Subsequently,  1,364,000  eggs  were  obtained.  These  were 
collected  on  sixteen  days  between  July  7  and  30,  the  fry  produced  and 
liberated  therefrom  being  410,000.  The  total  eggs  obtained  were 
2,494,000  and  the  total  output  of  fry  776,000. 

The  ova  were  derived  from  adults  taken  in  trap  nets,  which  were 
regularly  used  in  market  fishing.  The  most  forward  eggs  produced 
fry  in  21^  hours,  the  longest  period  of  hatching  being  32f  hours,  and 
the  average  period  about  26  hours.  The  fry  were  released  in  Ghes- 
apeake  Bay. 

Table  bhowing  operations  in  the  propagation  of  the  Spanieh  mackerel. 


Date. 

Fiah  stripped. 

Males. 

Females. 

1891. 

Jane  17 

15 

6 

18 

10 

7 

19 

8 

3 

23 

5 

3 

25 

1 

1 

25 

3 

3 

20 
Total.. 

7 

5 

44 

27 

1 

Naniber  of 
eggs  taken. 


240,000 

300,000 

315, 000 

80.000 

60,000 

20,000 

115,000 


1. 130, 000 


Hour  of— 


Impregna- 
tion. 


7:30  a.m. 
8  a.m. 
8:15  a.m. 
5:30  a.m. 

7  a.m. 

8  a.m. 
5       a.m. 


Hatching. 


5  a.  m.  June  18. 
5  a.  m.  Jane  18. 
5  p.m.  June  20. 
8  a.  m.  June  24. 

8  a.  m.  June  26. 

9  a.  m.  Jane  26. 
8  a.  ni.  June  30. 


Date  of 
release. 


Nomber 

of  fty 

released. 


Jane  19        80,000 


June  21 
25 
27 


June  30 


200.000 
20.000 
20,000 


46,000 


866,000 
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ADDITIONAL  FISH-CULTURAL  STATIONS. 

Kew  York. — ^In  re8X)onse  to  a  resolution  of  the  United  States  Senate 
of  December  18, 1890,  directing  the  U.  S.  Fish  Commissioner  to  report  to 
it  apon  the  desirability  of  the  Government's  establishing  a  fish-hatchery 
in  northern  New  York,  near  the  St.  Lawrence  Eiver,  the  following  com- 
munication was  addressed  to  the  President  of  the  Senate: 

U.  S.  COMHIBBION  OF  FI8H  AND  FISHBRIE8, 

Wa%h%ngion,  V.  C,  Jamuary  $6,  ZS9L 

SiB:  In  obedience  to  Senate  resolution  of  December  18, 1890,  directing  the  U.  S. 
CommisnoDer  of  Fish  and  Fisheries  to  report  to  the  Senate  as  to  the  desirability  of 
the  establishment  of  a  fish-hatchery  in  northern  New  York,  near  the  St.  Lawrence 
River,  I  have  the  honor  to  report  as  follows : 

The  basin  of  the  St.  Lawrence,  including  Lake  Ontario  and  Lake  Champlain  and 
the  innumerable  smaller  lakes  and  tributary  streams  which  drain  into  these,  com- 
priaes  fully  one-half  of  the  area  of  the  State  of  New  York,  about  one-fourth  of  the 
State  of  Vermont,  and  on  the  Canadian  side  a  more  considerable  drainage  area. 

In  Lake  Ontario  whitefish  were  formerly  very  abundant.  The  value  of  this  fishery 
has  decUned  year  by  year,  and  at  present  the  production  is  relatively  insignificant 
compared  with  the  whitefish  fisheries  of  Lake  Erie,  Lake  Huron,  and  Lake  Michigan. 

In  the  waters  referred  to  a  like  decline  was  in  prog^ress,  but  those  who  were  inter- 
ested in  those  fisheries  were  prompt  to  recognize  the  necessity  of  legislation  to 
restrain  and  regrulate  the  methods  and  apparatus  and  seasons  of  capture. 

Artificial  propagation  was  also  systematicaUy  resorted  to  to  supplement  and  rein- 
foToe  natural  reproduction,  and  whitefish  hatcheries  were  established  by  the  States 
of  Michigan,  Ohio,  and  Wisconsin  and  by  the  Canadian  Government.  Entering  the 
field  at  a  later  date,  the  U.  S.  Commission  has  established  stations  for  the  collection 
and  hatching  of  whitefish  at  Alpena,  Mich.,  Duluth,  Minn.,  and  Put-in  Bay,  Ohio. 

The  result  of  the  cooperative  fish-culture  work  by  the  Canadian,  State,  and  United 
States  Fish  Commissions  has  been  not  only  to  arrest  the  alarming  decline  that  was  in 
progress,  but  to  determine  a  marked  increase  in  the  catch  of  whitefish  in  those 
waters  in  which  fish-cultural  work  has  been  carried  on. 

The  marked  contrast  between  the  present  conditions  of  the  whitefish  fisheries  of 
Lake  Erie  and  Lake  Ontario  sharply  defines  and  emphasizes  the  necessity  of  artifi- 
cial propagation  as  a  means  of  maintaining  and  improving  our  important  commer- 
cial fisheries  and  of  creating  such  in  waters  where  they  have  not  before  existed. 

We  can  not  afford  to  neglect  so  important  an  economic  resource— one  which  gives 
sneh  substantial  and  valuable  returns  for  moderate  expenditures. 

We  can  not  expect  individual  enterprise  to  undertake  suoh  work  in  public  waters 
in  the  expectatiou  of  private  gain.  Men,  however  public-spirited,  will  not  sow  the 
seed  of  a  harvest  which  all  men  may  gather.  Our  lakes  and  rivers  and  coast  waters 
muwt  be  farmed  by  the  Government  for  the  general  use  and  under  such  regulations 
as  wiU  establish  and  maintain  the  largest  production. 

Another  im}K>rtant  commercial  species  which  formerly  existed  in  Lake  Ontario  in 
marvelous  abundance,  but  which  is  now  so  rare  as  to  be  an  object  of  curious  interest 
when  seen,  is  the  Atlantic  salmon.  Sixty  years  ago  each  season  it  ascended  the  St. 
Lawrence  in  vast  numbers  and  swarmed  in  all  its  tributaries.  Following  both  shores 
of  Lake  Ontario  it  ascended  aU  the  smaller  streams  which  fall  into  it  and  which 
afford  suitable  spawning-grounds  for  the  mature  fish  and  favorable  nurseries  for  the 
fry  during  their  period  of  river  life. 

The  following  extract  from  the  annual  report  of  the  department  of  marine  and 
fisheries  of  Canada  for  the  year  ending  June  30,  1869,  will  be  instructive  as  well  as 
mggestiTe. 
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[Speoial  report  of  Messrs.  Whiteber  and  VeaBing  on  flsb-breedisg  at  Kew  Castle,  Oataria.] 

'^e  proceeded  yesterday  to  New  OaBtle,  OntariOi  in  compliance  with  year  diieo- 
tiona,  and  made  a  personal  inspection  of  the  fish-breeding  establishment  there  under 
charge  of  Mr.  Wilmot.  The  premises  are  situated  on  Baldwin  or  Wilmot  Creek,  a  small 
stream  traversing  the  township  of  Clarke,  in  the  county  of  Durham,  and  discharging 
into  Lake  Ontario,  about  40  miles  east  of  Toronto.  This  creek  is  well  situated  for 
salmon,  as  it  forms  a  natural  inlet  of  the  sheltered  bend  of  the  lake  between  Bend- 
head  and  Darlington. 

**  Although  at  the  entrance  into  the  lake  it  passes  through  a  marshy  lagoon,  the 
bed  of  the  stream  farther  inland  is  of  a  grayelly  nature  and  the  water  is  pretty 
clear,  regular,  and  liyely  in  its  flow. 

*'Xn  early  times  it  was  famous  for  salmon,  great  numbers  of  which  frequented  it 
eyery  autumn  for  the  purpose  of  spawning.  They  were  so  plentiful  forty  years  ago 
that  men  killed  them  with  clubs  and  pitchforks,  women  seined  them  with  flannel 
petticoats,  and  settlers  bought  and  paid  for  farms  and  built  houses  from  the  sale  of 
salmon.  I/ater  they  were  taken  by  nets  and  spears,  over  1,000  being  often  caught 
in  the  course  of  one  night. 

**  Concurrently  with  such  annual  slaughter  manufactories  and  farming  along  the 
banks  had  obstructed,  fouled,  and  changed  the  creek  from  its  natural  state  and  made 
it  less  capable  of  affording  shelter  and  spawning. 

"  Their  yearly  decreasing  numbers  at  length  succumbed  to  the  destruction  prac- 
ticed upon  them  each  seaeon  from  the  time  of  entering  the  creek  until  nearly  the 
last  straggler  had  been  speared,  netted,  or  killed.'' 

The  history  of  the  salmon  fisheries  of  Wilmot  Creek,  so  graphically  told  by  the 
Canadian  commissioners,  hae  been  repeated  in  every  stream  of  the  State  of  New  York 
which  drains  into  Lake  Ontario  and  the  St.  Lawrence  River.  All  were  frequented 
by  the  salmon,  and  from  each,  each  season,  went  out  a  numerous  colony  of  parr  and 
smelts,  which  descended  the  St.  Lawrence  to  the  gulf,  where  they  remained  until 
they  had  attained  size  and  maturity,  when,  obeying  the  impulse  of  reproduction,  they 
ascended  the  St.  Lawrence  and  distributed  themselves  to  all  the  tributaries  of  lake 
and  river,  carrying  back  to  these  inland  waters  the  rich  harvest  of  the  sea  which  they 
had  garnered. 

This  magnificent  fishery  has  ceased  to  be.  Did  it  exist  to-day,  and  were  the  con- 
ditions which  made  such  a  fishery  possible  prevailing  to- day,  a  hundred  streams  now 
barren  would  afford  salmon  fishing  as  attractive  as  the  more  favored  waters  of  Can- 
ada, and  the  catch  by  net  iu  the  lake  itself  would  furnish  the  motive  of  a  valuable 
commercial  fishery. 

The  cause  of  the  disappearance,  practically,  of  salmon  from  the  streams  of  the  St. 
Lawrence  Baein  has  been  chiefly  and  primarily  the  erection  of  obstructions  in  all  of 
the  rivers,  which  have  prevented  the  salmon  from  reaching  their  spawning-grounds, 
and  so  natural  reproduction  has  been  absolutely  inhibited. 

The  restoration  and  maintenance  of  the  whitefish  fisheries  of  Lake  Erie,  or  of  the 
salmon  fishery  of  the  lake  and  rivers,  would  either  of  them  furnish  sufficient  motive 
for  liberal  expenditures  on  the  part  of  the  Government,  if  we  consider  the  matter 
from  a  purely  practical  and  economic  standpoint.  It  is  not  only  possible,  it  is 
entirely  practicable,  to  restore  and  maintain  these  fisheries,  by  adequate  recourse  to 
means  and  agencies  entirely  within  our  control. 

The  regeneration  of  the  fisheries  must  be  accomplished  through  fish-cultural  work, 
systematically  and  persistently  pursued.  Their  maintenance  must  be  assured  by 
concurrent  regulation  of  the  lake  fisheries  by  the  United  States  and  Canada  and  by 
the  enforcement  on  the  part  of  the  State  of  New  York  of  such  regulations  and  require- 
ments as  will  permit  the  salmon  to  ascend  to  their  spawning-grounds.  In  the  absence 
of  such  regulations  and  requirements  it  will  not  be  reasonable  to  expect  that  the 
results  of  fish-cultural  work  will  be  i>ermanent  or  compensating,  however  extensive 
^ncJi  work  may  he. 
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A  fish-cultural  station  planned  to  meet  all  the  requirements  must  be  yery  extensive 
and  complete  in  all  its  appointments,  and  will  inyolve  larger  expenditure  than  would 
be  required  for  a  station  deyoted  exclusiyely.to  the  production  of  whitefish  or  the 
aalmonids.  The  hatchery  must  be  commodious,  providing  at  once  for  the  hatching 
of  100,000,000  of  whitefish  and  for  the  incubation  of  1,000,000  salmon  ova.  It  must 
also  provide  trough  accommodations  for  holding  1,000,000  salmon  fry  for  some  weeks 
aft«r  they  begin  feeding.  Quarters,  offices,  storage  rooms,  and  shops  must  be  erected ; 
an  extensive  system  of  ponds  for  rearing  the  salmon  must  be  constructed,  for  none 
would  be  released  in  open  waters  until  they  were  of  sufficient  size  to  have  compara- 
tive immunity  from  capture  by  other  fish. 

At  the  first  installation  of  the  station  and  for  several  years  it  would  be  necessary 
to  draw  our  supplies  of  whitefish  ova  from  our  collecting  stations  on  the  upper  lakes 
and  our  salmon  ova  from  Maine.  With  the  improvement  of  the  fisheries  we  should 
expect  to  find  our  eventual  source  of  supply  in  Ontario  waters,  and  the  location  of 
the  station  should  be  with  reference  to  this.  Wherever  placed  it  should  be  conven- 
ient to  transportation  routes,  and  should  control  a  gravity  water  supply  which  should 
be  without  stint  or  measure. 

The  cost  of  such  a  station  as  I  have  indicated,  complete  in  all  its  appointments, 

would  not  be  less  than  $20,000,  exclusive  of  cost  of  site  and  water  franchises,  and  for 

its  maintenance  there  would  be  required  an  appropriation  of  $9,000  per  annum. 

Respectfully, 

Marshall  McDonald^ 

U,  S.  CammUHoner  of  Fisheries, 
Hon.  Levi  P.  Morton, 

Vioe-Preeideni. 

A  consideration  of  the  report  resulted  in  an  appropriation  of  $5,000  in 
the  bill  approved  March  3, 1891,  providing  for  the  sundry  civil  expenses 
of  the  Government  during  the  fiscal  year  ending  June  30, 1892.  This 
appropriation  not  being  available  till  July  1, 1891,  action  in  the  matter 
was  necessarily  deferred. 

Vermont. — On  January  12, 1891,  Hon.  W.  W.  Grout,  Eepresentative 
firom  Vermont,  introduced  in  the  House  of  Representatives  a  bill  pro- 
viding the  sum  of  $15,000,  <<  for  the  purchase  of  ground,  construction 
of  buildings  and  ponds,  and  the  purchase  of  the  equipment  for  a  fish- 
hatchery  and  rearing  station  to  be  established  in  the  State  of  Vermont, 
at  a  place  to  be  designated  by  the  United  States  Fish  Commissioner." 
The  bill  was  referred  to  the  Committee  on  Commerce,  by  which  it  was 
returned  to  the  House  on  January  30,  with  the  recommendation  that  it 
pass.  The  bill  as  presented  failed  to  become  a  law,  though  provision 
for  the  station  was  made  in  the  sundry  civil  bill  approved  March  3, 
1891.  The  appropriation  not  being  available  till  July  1, 1891,  no  action 
conld  be  taken  till  after  that  date. 

Montana  and  Oulf  States. — Congress,  by  act  approved  March  3, 1891, 
provided  the  sum  of  $2,000  "  for  investigation  respecting  the  advisa- 
bility of  establishing  a  fish-hatching  station  in  the  Eocky  Mountain 
region  in  the  State  of  Montana  or  Wyoming,  and  also  a  station  in  the 
Gulf  States."  Instructions  were  prepared  covering  the  extent  and 
character  of  the  investigations  and  early  in  the  following  July,  when 
the  appropriation  became  available.  Prof.  B.  W.  Evermann,  assistant 
in  the  Division  of  Scientific  Inquiry,  was  charged  with  the  aame. 
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RAILROAD  SERVICE. 


The  following  statement  exhibits  the  mileage  of  cars  and  detach^^^^ 
messengers  in  the  work  of  distribution : 


Items. 

Carp. 

Shad. 

Salmon 
andtroat. 

White- 
flah. 

Pike 
perch. 

Other 
flah. 

Other 
work. 

Total. 

Fiwsal  year  1889-90: 

CarKal 

683 
4,508 
5,483 

9.014 
4,798 

719 

2,776 

18,104 
11,642 

'*8,'i36" 

81,205 

CarKa2 

20,  M3 

G«rNo.8 

9,456 

•••••••. 

23,(r74 

Car  No.  101,  Philadelphia, 
WiliniDC[ton  and  Balti- 
more R.  A. 

Metflengen 

284 

12,233 

20,615 

1,6|7 

15.280 

50.  OM 

9,739 

22,902 

34,427 

2,366 

2,775 

44,976 

8,136 

125,321 

Vifloal  year  1890^1: 

GarNo.l 

932 
8,239 
7.881 

8,281 
17,252 

9,451 

21,458 

6,879 

773 
1,002 
2,540 

2,652 

23.547 

5,591 

20,149 

' 

37,355 

Car  No.  2 

9,045 
1,664 

45,335 

Caryo.8 

39,013 

Car  No.  101,  PhiladelnhU, 
WilmioKton  and  Balti- 
more K.  R. 

8,281 

Meeeengen 

10,885 

19,860 

1,127 

6,642 

55,266 

20,994 

37,585 

57.648 

4,315 

8,779 

55,929 

180,250 

Thanks  are  due  to  the  following-mentioned  railroads,  which  have 
furnished  free  transportation  for  the  cars  of  the  Commission : 


Name  of  railroad. 


Atchiaon,  Topeka  and  Santa  Fe. . 
Burlington  and  Miaaouri  Birer  in 

Nebraska 

Borlinston,  Cedar  Bapids  and 

Northern 

Canada  Sontbem 

Chicago,  Borlinston  and  Qoincy . 
Chicago,  Milwaukee  and  St.  Paul. 

Chicago  and  Iowa 

Chicago  and  Northwestern 

Chicago  and  West  Michigan 

Chicago,  Burlington  and  Northern 
Chicago,  Bock  Island  and  Pacific . 
Cleve&nd,    Cincinnati,  Chicago 

and  St.  Louis 

Delaware  and  Hudson 

Denver  and  Rio  Grande 

Detroit,  Bay  City  and  Alpena 

Detroit,  Lansing  and  Northern  . . 
Duluth,  South  Shore  and  Atlantic. 

Duluth  and  Iron  Range 

Flint  and  Pere  Marquette 

Fremont,  Elkhom  and  Missouri 

Valley 

Grand  Rapids  and  Indiana 


Grand  Trunk 

Hannibal  and  St.  Joe 

niinois  Central 

International  and  Great  Northern 

Jacksonville  Southeantem 

Kansas  City,  Fort  Scott  and 
Memphis 

Kansas  City,  Fort  Smith  and 
Southern 

Lake  Shore  and  Michigan  South- 
em.  •..••■«•■•.•••.«••••....... 


1890. 


MiU9. 
1,689 

364 

1,063 

251 

6,558 

84 


397 
"2,575 


307 


210 

'iio 


1,331 

452 

758 


1,808 
441 


262 


448 


1891. 


2,136 


1,818 
16,086 


124 
22G 
352 


206 

904 

128 

72 

1,260 

686 

2,808 

12 

3,545 

1,057 

1,374 

22 


431 
360 
362 

646 

120 
101 


Name  of  railroad. 


Louisville,  New  Albany  and  Chi- 
cago  

Louisville,  St.  Louis  and  Texas. . 

Louisville  and  Nashville 

Michigan  Central 

Missouri  Pacific 

Missonri,  Elansaa  and  Texas. . . . 

Mobile  and  Ohio 

Montana  Central 

Montana  Union 

Northern  Pacific 

Ohio  and  Mississippi 

Oregon  Railway  and  Navigation 
Company 

Pittsburg,  Cincinnati,  Chicago 
and  St.  liOuis 

St.  Louis,  Arkansas  and  Texas.. 

St.  Louis.  Iron  Mountain  and 
Southern 

St.  Louis,  Keokuk  and   North- 
western   

St.  Paul,  Minneapolis  and  Mani- 
toba  

St.  Louis  and  San  Francisco 

Texas  Pacific 

Toledo,  Ann  Arbor  and  North 
Michi^n 

Toledo,  Peoria  and  Western 

Union  Pacific 

Utah  Central 

Wabash 

Wisconsin  Central 


1890. 


irOet. 

755 


Total. 


262 

2,546 

770 

2,175 

70 

90 


4.119 
202 

211 


186 

198 

1.149 

4,392 
987 
648 


74 

2.795 

462 


41,339 


1891. 


Miitt: 

6J2 
170 


5.6^ 

965 

234 

28 


45 

11,465 


136 


490 
822 


1,598 
612 


64 
15,379 


4,933 
962 


73.844 
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OBNERAL  ADMINISTRATION. 

In  the  conduct  of  the  routine  of  the  office  and  matters  of  administra- 
tion the  Commission  has  continued  to  receive  the  efficient  aid  of  the  chief 
^lerk,  Mr.  J.  J.  O'Connor,  and  the  disbursing  agent,  Mr.  Herbert  A. 

Gill. 

INVESTIGATION  BY  UNITED  STATES  SENATE. 

During  the  latter  part  of  the  fiscal  year  1890  there  appeared  in  the 
pablic  press  a  number  of  articles  adversely  criticising  the  administra- 
tion of  the  Commission,  and  making  charges  of  inefficiency,  extrava- 
gance, and  dishonesty  on  the  part  of  its  personnel.  These  charges  were 
given  such  a  wide  circulation  that  the  Commissioner  deemed  it  proper 
to  call  them  to  the  attention  of  Congress,  and  at  his  request  the  follow- 
ing resolution  was  introduced  in  the  Senate  by  Senator  Edmunds  on 
June  3, 1890 : 

Be9olved,  That  the  Committee  on  Fish  and  Fisheriee  be,  and  it  is  hereby,  instructed 
to  make  an  early  inquiry  into  the  administration  of  the  affairs  of  the  United  States 
Fish  Commissioners's  office,  and  especially  in  respect  to  the  changes  in  the  force, 
compensation  paid  to  employ<^s,  and  any  alleged  favoritism,  or  other  nndne  admin- 
istration, and  report  to  the  Senate  thereon. 

Bmolvtdy  That  the  said  committee  have  power  to  send  for  persons  and  papers. 

On  June  5, 1890,  the  resolution  was  agreed  to,  and  the  investigation 
was  placed  in  the  charge  of  a  subcommittee  consisting  of  Senators 
Stockbridge,  Squire,  and  Blodgett.  The  first  session  of  the  committee 
was  held  on  June  13, 1890,  and  was  continued  at  intervals  until  Sep- 
tember 15, 1890.  The  testimony  (Mis.  Doc.  No.  77,  U.  S.  Senate,  Fifty- 
first  Oongress,  second  session)  embraced  666  octavo  pages  of  printed 
matter,  and  the  report  of  the  committee  (Report  No.  2361,  IT.  S.  Senate, 
Fifty-first  Oongress,  second  session),  with  a  synopsis  of  the  testimony, 
86  pages  additional.    The  report  is  as  follows : 

The  Committee  on  Fish  and  Fisheries  of  the  Senate,  to  whom  was  referred  the 
zesAlation  of  Jnne  3,  1880,  as  follows: 

ReMlved,  That  the  Committee  on  Fish  and  Fisheries  be,  and  it  is  hereby, 
instmcted  to  make  an  early  inquiry  into  the  administration  of  the  affairs  of 
the  United  States  Fish  Commissioner's  office,  and  especiaUy  in  respect  of  the 
changes  in  the  force,  compensation  paid  to  employes,  and  any  alleged 
favoritism,  or  other  undue  administration,  and  report  to  the  Senate  thereon. 

Retolved,  That  the  said  committee  have  power  to  send  for  persons  and 
papers. 

Bag  leave  to  make  the  following  report : 

The  passage  of  the  foregoing  resolution  was  owing  to  the  publication  of  certain 
charges  of  a  rather  sensational  character  which  appeared  in  the  press  of  the  country, 
seriously  reflecting,  not  only  upon  the  administration  of  the  affairs  of  the  Fish  Com- 
mission,  but  also  npon  tMe  character  and  inte^ty  of  son^e  of  the  officials  connected 
tlierewith. 
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The  charges  so  made,  haying  been  bronght  to  the  attention  of  the  ConuniBsionerv 
he  very  promptly  asked  an  investigation. 
The  maladministration  charged  included  among  other  things: 

(a)  Entire  lack  of  system  and  proper  discipline  in  every  department  of 
the  Conunission,  resulting  in  a  greatly  increased  and  useless  expenditure  of 
money. 

(b)  That  the  Commissioner  and  other  officials,  taking  advantai^e  of  their 
positions,  at  the  expense  of  the  Government  used  the  boats  and  fish -hatchery 
stations  of  the  Commission  as  a  means  of  private  ei^oyment  for  themselves 
and  friends. 

(o)  That  the  employ^  of  the  Commission  were  addicted  to  the  use  of  in- 
toxicating liquors  to  the  extent  of  neglecting  their  duties  and  disgracing 
the  service. 

(d)  That  falsified  statements  of  numbers  of  fish  planted  in  the  various 
lakes  and  rivers  of  the  country  had  been  prepared  under  the  direction  of 
the  Commissioner,  with  the  deliberate  purpose  in  view  of  using  the  same 
before  the  committees  of  Congress  in  order  to  influence  more  liberal  appro- 
priations than  might  otherwise  be  made. 

(0)  That  political  considerations  were  governing  the  matter  of  appoint- 
ments within  the  Commission. 

(/)  That  the  Commissioner  was  guilty  of  nepotism. 

(g)  That  under  the  present  regime  the  rule  was,  increased  appropriations 
and  an  extravagant  exjienditure  of  money  in  all  branches  of  the  work  of 
the  Commission ;  among  other  things  an  unwarranted  increase  in  the  sal- 
aries of  certain  favored  employes. 

{h)  That  the  time  of  certain  employes  was  being  taken  up,  and  material 
belonging  to  the  Government  used,  in  perfecting  certain  patents  solely  for 
the  personal  benefit  of  the  Commissiouor. 

(i)  That  the  present  force  of  clerks  and  assistants  in  the  Commission  had 
been  very  greatly  increased,  with  a  corresponding  expenditure  of  money, 
while  the  practical  and  scientific  results  do  not  compare  favorably  with 
those  attained  under  Prof.  Baird. 

The  charges  summed  up  can  be  best  expressed  in  three  words,  viz,  inefficiency,  ex- 
travagance, dishonesty. 

Your  conmiittee  at  its  first  meeting  after  the  passage  of  the  resolution  of  investi- 
gation appointed  a  subcommittee,  consisting  of  its  chairman  and  Senators  Blodgett 
and  Squire,  to  investigate  the  afiairs  of  the  Fish  Commission  in  respect  to  the 
charges  referred  to.  Every  person  whose  name  was  known  to  the  committee  as  being 
in  any  way  connected  with  the  publication  or  dissemination  of  the  said  charges  was 
notified  that  the  committee  would  give  him  an  opportunity  to  be  heard  and  would 
also  be  glad  to  have  him  submit  the  names  of  any  persons  whom  he  desired  subpce- 
naed ;  also  that  any  material  and  relevant  interrogatories  which  he  might  desire  to 
have  propounded  to  witnesses  would  be  so  propounded  upon  filing  the  same  in  writ- 
ing with  the  clerk  of  the  committee. 

The  hearings  of  the  subcommittee  were  not  public;  neither  were  those  who  stood 
in  the  light  of  prosecuting  the  charges  nor  any  member  of  the  Fish  Commission  per- 
mitted to  be  present  or  represented  by  attorney. 

In  all,  63  witnesses  were  sworn  and  examined,  a  very  great  mtgority  of  whom 
were  subpcsnaed  at  the  special  instance  of  the  persons  appearing  to  have  charge  of 
the  case  against  the  Fish  Conunission.  In  every  instance  the  committee  accepted 
all  the  interrogatories  filed,  and  although  many  were  of  doubtful  relevancy,  they 
were  propounded  to  the  witnesses  designated,  and  also  upon  request  of  the  same 
individualB  subpcenas  were  issued  for  every  person  whose  name  Iras  furnished  where 
it  was  in  the  least  made  to  appear  that  the  testimony  of  such  persons  would  be  at 
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^  nloYant  to  the  sabject-matter  of  the  iiiTestigatioii,  and  great  care  was  exercised 
^  aecuie  a  fbll  and  impartial  inyestigation  of  the  pending  charges  without  favor  to 
**iy(me. 

The  testimony  so  taken  and  sabmitted  with  this  report  comprises  over  660  printed 
pigw,  so  that,  in  order  to  facilitate  an  examination  of  the  same,  yonr  committee 
We  prepared,  and  herewith  submit  as  a  part  of  this  report,  a  synopsis  of  the  testi- 
mony, indexed  and  arranged  under  separate  topics,  with  references  by  page  to  the 
printed  volume  of  testimony,  which,  as  your  committee  believe,  renders  any  lengthy 
detailed  report  entirely  unnecessary. 

It  will  suffice  to  say,  in  a  general  way,  that  not  one  of  the  charges  affecting  the 
administration  of  the  affairs  of  the  Commission,  or  the  standing  and  integrity  of  any 
official  connected  therewith,  has  been  proven  to  have  any  foundation  in  fact  what- 
ever; further,  that  after  a  most  searching  examination  into  the  administration  of 
the  affairs  and  methods  of  the  Commission,  your  committee  are  satisfied  that  there 
has  not  been  extravagance,  dishonesty,  or  inefficiency  in  its  conduct ;  but,  on  the 
contrary,  throughout  the  entire  Commission  the  mpst  perfect  system  and  discipline 
prevail,  resulting  in  an  economical  and  Judicious  exi>enditure  of  the  appropriations 
made  by  Congress. 

The  profligate  use  of  money,  as  complained  of,  is  not  a  charg  e  whibh  can  be  made 
against  the  present  Commissioner  and  be  sustained.  The  increase  of  the  expenses  of 
the  Commission  is  entirely  due  to  the  enlarged  field  of  work. 

And  right  here  your  committee  beg  to  call  particular  attention  to  the  testimony 
(pp.  339  to  346)  for  a  full  statement  of  the  work  of  the  Commission  in  the  past  and 
what  it  IS  doing  to-day. 

We  find  that  the  Commissioner  has  not  used  the  boats,  fish-hatchery  stations,  or 
other  property  of  the  Government  for  purposes  not  within  the  scope  of  the  work  of 
the  Commission.  It  is  true  that  members  of  Congress  and  others  have  been  invited 
to  visit  the  stations  and  inspect  the  work  of  the  Commission,  but  such  visits  have 
resulted  in  no  expense  to  the  Government,  and  it  appears  from  abundant  proof  that 
where  entertainment  has  been  provided  upon  the  occasion  of  these  visits  it  has  been 
at  the  private  expense  of  the  Commissioner. 

The  charges  of  intemperance,  when  fully  examined,  narrowed  down  practically  to 
a  specific  charge  that  one  certain  official,  upon  a  single  occasion,  drank  liquor  and 
beeame  intoxicated.  The  testimony  is  not  of  such  a  character  as  to  create  the  im- 
prebsion  upon  the  minds  of  the  respective  members  of  the  committee  that  the  official 
was  in  the  habit  of  using,  even  occasionally,  stimulants  to  an  excess,  or  in  any  such 
way  ae  to  unfit  him  for  his  duties.  The  party  himself  denies  the  charge  of  ever 
being  intoxicated,  and  a  number  of  reputable  witnesses  who  had  been  intimately 
associated  with  him  swear  unqualifiedly  that  the  man  was  not  of  intemperate  habits. 
Respecting  the  allegation  that  the  records  of  the  Commission  have  been  falsified 
for  the  purpose  of  showing  a  greater  number  of  fish  planted  in  the  lakes  and  rivers 
tiian  was  actually  the  case,  yonr  committee  have  to  say  that  the  records  of  the  Com- 
mission in  the  matter  of  the  distribution  of  fish  and  eggs  are  kept  in  such  a  manner 
as  to  almost  preclude  a  possibility  of  anything  of  the  kind,  but  beyond  that,  it  satis- 
factorily appears  from  the  showing  made  that  the  records  respecting  this  branch  of 
the  work  have  been  kept  with  a  conscientious  regard  for  the  truth.  Equally  ground- 
less are  the  charges  that  the  Commissioner  has  been  governed  by  political  considera- 
tions in  the  matter  of  appointments  to  positions  in  the  Commission,  or  that  he  is 
gnilty  of  the  charge  of  nepotism. 

It  is  true,  as  has  been  charged,  that  the  force  of  assistants  employed  in  connection 
with  the  work  of  the  Commission  has  been  increased  over  the  number  employed  in 
ibnner  years,  and  that  there  has  been  a  corresponding  increase  in  the  cost  of  main- 
taining it;  but  it  must  be  remembered  that  during  the  fiscal  year  ending  June  30, 
1887,  tiiere  were  but  twelve  fish-hatching  stations  in  operation,  while  during  the 
yeur  ending  Jnna  30, 1890,  there  were  twenty-one ;  also,  that  the  production  of  egg^ 
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fry,  and  yearling  fish  for  the  fiscal  year  ending  June  30,  1887,  was  259,000,000, 
for  the  year  ending  Jane  30, 1890,  it  was  358,000,000,  or  an  increase  of  99,000,000. 

It  should  also  be  remembered  that  the  amoont  of  money  available  for  the  propagp 
tion  of  food-fishes  and  for  the  general  administration  was,  in  1887,  $136,614.92,  whL 
in  1800  it  was  only  $160,000.    We  feel  warranted  in  saying  that  the  practical  and 
entific  results  of  the  work  of  the  Commission  exceed  anything  heretofore  attain^hd 
and  that  with  a  rery  moderate  increase  in  cost  to  the  Qov^emment  over  former  yeavrv. 

In  conclusion,  your  committee,  in  view  of  the  great  importance  to  the  country  of 
the  work  of  the  Commission  and  the  urgent  necessity  for  its  continuance,  ask  a 
careful  examination  of  the  testimony  herewith  presented,  belieying  that  it  is  sulB- 
cient  to  convince  all  fair-minded  persons  that  there  is  no  Just  cause  to  criticise  the 
policy  of  the  Commission  or  the  course  of  the  Commissioner  and  his  subordinates  in 
the  matter  of  administration,  but,  on  the  contrary,  that  they  deserve  commendation 
for  the  conscie&tioii8  work  which  they  are  performing. 

Francis  B.  Stockbbidqb. 
Watson  C.  Squlrb. 
Bdfus  Blodobtt. 


PUBLICATIONS  AND  LIBRARY. 

The  editing  of  the  pablications  of  the  Commission  and  their  super- 
vision throagh  the  press  has  coutinned  under  the  direction  of  Dr.  T. 
H.  Bean,  the  ichthyologist  of  the  Commission.  These  publications 
consist  of  " Reports "  and  "Bulletins.''  In  the  former  are  published  the 
rex)ort8  of  the  operations  of  the  Commission;  and  in  the  latter,  such 
articles  as  are  "relative  to  new  observations,  discoveries,  and  applica- 
tions connected  with  flsh-culture  and  the  fisheries."  Prior  to  1888  the 
Bulletin  was  chiefly  composed  of  short  articles,  extracts,  etc.,  from  the 
official  correspondence,  and  translations  of  foreign  publications.  Since 
then,  however,  the  increase  of  the  operations  of  the  Commission  has 
made  it  x>ossible  to  apply  this  publication  almost  exclusively  to  the 
results  of  the  Commission's  work.  The  law  authorizing  the  Bulletin 
limits  the  number  of  its  pages  to  500,  and  permits  its  distribution  in 
parts.  The  articles  composing  the  Reports  have  likewise  been  pub- 
lished and  issued  prior  to  the  completion  of  the  volume  as  a  whole, 
resulting  in  the  early  dissemination  of  the  knowledge  acquired  by  the 
investigations  made  by  the  Commission.  The  law  authorizing  these 
two  volumes  provides  for  their  distribution  by  the  United  States  Senate 
and  House  of  Representatives,  and  a  small  quota  by  the  Commission. 
From  the  number  assigned  to  the  Commission,  the  policy  is  to  supply 
various  public  libraries  and  institutions  of  learning,  and  such  persons 
who,  by  reason  of  their  professions  or  occupations,  are  specially  inter- 
ested in  the  subject-matter. 

During  the  fiscal  year  1889-90  the  following  papers  were  issued: 

The  report  proper  of  the  Commissioner  for  1888  (Report  for  1886,  pp.  i  to  lvii). 

The  beam-trawl  fishery  of  Great  Britain,  with  notes  on  beam-trawl tng  in  other 
European  conntries,  etc.    By  J.  W.  Collins.    (Bulletin,  1887,  pp.  289  to  407.) 

The  aqnarinm :  A  brief  exposition  of  its  principles  and  management.  By  Will- 
iam P.  SeaL    (Bulletin,  1887,  pp.  274  to  282.) 
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Brplorations  of  the  fiBhiag-grotindB  of  Alaska,  Washington  Territory,  and  Oregon 
^^^bg  1888,  by  the  U.  8.  Fish  Commission  steamer  Albatross f  Lient.  Commander  Z.  L. 
^Hjiner,  U.  S.  Navy,  commanding.    (Bulletin,  1888,  pp.  1  to  95.) 

Keport  of  explorations  made  daring  the  summer  and  autumn  of  1888  in  the  Alle- 
^^iny  region  of  Virginia,  North  Carolina,  and  Tennessee,  and  in  western  Indiana, 
^*^th  an  account  of  the  fishes  found  in  each  of  the  river  basins  of  those  regions.  By 
^nd  Starr  Jordan.    (Bulletin,  1888,  pp.  97  to  173.) 

Suggestions  for  the  employment  of  improved  types  of  vessels  in  the  market  fisheries, 
^ith  notes  on  British  fishing  steamers.  By  J.  W.  Collins.  (Bulletin,  1888,  pp.  175 
to  192.) 

Notes  on  fishes  collected  at  Cozumel,  Yucatan,  by  the  U.  S.  Iflsh  Commission,  with 
descriptions  of  new  species.    By  Tarleton  H.  Bean.    (Bulletin,  1888,  pp.  193  to  206.) 

The  most  recent  methods  of  hatching  fish  eggs.  By  William  F.  Page.  (Bulletin, 
1888,  pp.  207  to  218.) 

During  the  year  1890-91,  there  appeared — 

Re^dew  of  the  fisheries  of  the  Great  Lakes  in  1885.  Compiled  by  Hugh  M.  Smith 
and  Merwin-Marie  Snell ;  with  introduction  and  description  of  fishing  vessels  and 
boats,  by  J.  W.  Collins.    (Report,  1887,  pp.  1  to  333  and  45  plates.) 

A  report  upon  the  fishes  of  Kalamazoo,  Calhoun,  and  Antrim  counties,  Mich. 
By  Charles  H.  Bollman.    (Bulletin,  1888,  pp.  219  to  225.) 

Notes  on  fishes  from  the  lowlands  of  Georgia,  with  a  description  of  a  new  species 
{Op9op€tod—  Itollmani),    By  Charles  H.  Gilbert.    (Bulletin,  1888,  pp.  225  to  229.) 

The  sturgeon  and  sturgeon  industries  of  the  eastern  coast  of  the  United  States, 
with  an  account  of  experiments  bearing  upon  sturgeon-culture.  By  John  A.  Ryder. 
(Bulletin,  1888,  pp.  231  to  328.) 

A  review  of  the  genera  and  species  of  Serranida  found  in  the  waters  of  America 
and  Europe.  By  David  Starr  Jordan  and  Carl  H.  Eigenmann.  (Bulletin,  1888,  pp. 
329  to  441.) 

Report  on  the  proposed  introduction  of  the  Jamaica  mountain  mullet  into  the 
United  States.    By  Tarleton  H.  Bean.    (Bulletin,  1888,  pp.  443  to  451.) 

The  transplanting  of  lobsters  to  the  Pacific  Coast  of  the  United  States.  By  Rich- 
aid  Rathbun.    (Bulletin,  1888,  pp.  453  to  472.) 

Preliminary  report  upon  the  invertebrate  animals  inhabiting  lakes  Geneva  and 
Ifendota,  Wisconsin,  with  an  account  of  the  fish  epidemic  in  Lake  Mendota  in  1884. 
Bj  S.  A.  Forbes.    (Bulletin,  1888,  pp.  473  to  487.) 

Report  of  explorations  in  Colorado  and  Utah  during  the  snmmer  of  1889,  with  an 
aeconnt  of  the  fishes  found  in  each  of  the  river  basins  examined.  By  David  Starr 
Jordan.    (Bulletin,  1889,  pp.  1  to  40. ) 

On  two  species  of  larval  dibothriafirom  the  Yellowstone  National  Park.  By  Ed- 
win Linton.     (BuUetin,  1889,  pp.  65  to  79.) 

The  artificial  propagation  of  sturgeon  in  Schleswig-Holstein,  Germany.  (Traoa- 
Uted  firom  the  German.)    (Bulletin,  1889,  pp.  81  to  90.) 

On  certain  wart-like  excrescences,  occurring  on  the  short  minnow,  Cyj^nodim 
warjgyafat,  due  to  psorosperms.    By  Edwin  Linton.    (Bulletin,  1889,  pp.  99  to  102.) 

Notes  on  the  crab-fishery  of  Crisfield,  Md.  By  Hugh  M.  Smith.  (Bulletin,  1889. 
pp.  103  to  112.) 

Report  of  explorations  made  in  Missouri  and  Arkansas  during  1889,  with  an  ac- 
count of  the  fishes  observed  in  each  of  the  river  basins  examined.  By  Seth  Eugene 
Meek.    (Bulletin,  1889,  pp.  113  to  141.) 

Report  of  explorations  made  in  Alabama  during  1889,  with  notes  on  the  fishes  of 
the  Tennessee,  Alabama,  and  Escambia  rivers.     By  Charles  H.  Gilbert.    (Bulletin, 
I,  pp.  143  to  169.) 

H.  Mis.  113 5 
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Beport  on  the  salmon  and  salmon  riven  of  Alaska,  with  notes  on  the  condition 
methodSi  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  ( Bulletin,  XJSSi 
pp.  165  to  208.) 

The  fishing-grounds  of  Bristol  Bay,  Alaska :  A  preliminary  report  upon  the  inres- 
tigations  of  the  U.  S.  Fish  Commission  steamer  Albatro8$  daring  the  summer  of  189K?. 
By  Lieut.  Commander  Z.  L.  Tanner,  U.  S.  Navy.    (Bulletin,  1889,  pp.  279  to  288.) 

Notes  on  an  improved  form  of  oyster-tongs.  By  Hugh  M.  Smith.  (Bulletin,  1889, 
pp.  161  to  163.) 

A  contribution  to  the  life-history  of  Dtboihrium  oordioep$  Leidy ,  a  parasite  infestiof; 
the  trout  of  Yellowstone  Lake.  By  Edwin  Linton,  ph.  d.  (Bulletin,  1889,  pp.  337 
to  358.) 

The  collections  made  by  the  Fish  Oommission  steamer  Albatrosi  dar- 
ing the  years  1887, 1888,  and  1889  will,  in  accordance  with  law,  be  de- 
posited in  the  U.  S.  l^ational  Museam,  under  direction  of  the  Smith- 
sonian Institution.  The  following  papers  giving  the  results  of  the 
study  of  the  collections,  were  published  in  the  Proceedings  of  the  U.  S. 
National  Museum  under  the  general  title,  ^^  Scientific  Results  of  Explo- 
rations by  the  C.  S.  Fish  Oommission  steamer  Albatross.^    They  are: 

No.  I.  Birds  collected  on  the  Galapagos  Islands  in  1888.  By  Robert  Btdgway, 
oniator  of  the  department  of  birds.'   (Proo.  U.  S.  N.  M.,  1889,  pp.  101  to  128.) 

No.  II.  Birds  collected  on  the  island  of  Santa  Lncia,  West  Indies,  the  Abrolhos 
Islands,  BrazU,  and  at  the  Straits  of  Maj^llan,  in  1887-88.  By  Robert  Ridgway, 
curator  of  the  department  of  birds.    (Proc.  U.  8.  N.  M.,  1889,  pp.  129  to  139.) 

No.  III.  Report  on  the  batrachians  and  reptiles  collected  in  1887-88.  By  E.  D. 
Cope.    (Proc.  U.  S.  N.  M.,  1889,  pp.  141  to  147.) 

No.  IV.  Descriptions  of  new  species  of  fishes  collected  at  the  Galapagos  Islands 
and  along  the  coast  of  the  United  States  of  Colombia,  1887-88.  By  David  Starr 
Jordan  and  Charles  Harvey  BoUman.    (Proo.  U.  S.  N.  M.,  1889,  pp.  149  to  183.) 

No.  v.  Annotated  catalogue  of  the  insects  collected  in  1887-88.  By  L.  O.  Howard, 
aeting  curator  of  the  department  of  insects.    (Proc.  U.  S.  N.  M.,  1889,  pp.  185  to 216.) 

No.  VI.  List  of  the  plants  collected  in  Alaska  in  1888.  By  Dr.  George  Yasey. 
(Proc.  U.  S.  N.  M,,  1889,  pp.  217  to  218.) 

No.  VII.  Preliminary  report  of  the  collection  of  mollusca  and  braohiopoda  obtaiDed 
in  1887-88.  By  William  Healy  Dall,  a.  m.,  curator  of  the  department  of  mollusls. 
(Proc.  U.  S.  N.  M.,  1889,  pp.  219  to  362.) 

No.  VIII.  Description  of  a  new  cottoid  fish  from  British  Colambia.  By  Tarleton  H. 
Bean,  ichthyologist,  U.  S.  Fish  Commission.      (Proc.  U.  8.  N.  M.,  1889,  pp.  641  to  642.) 

No.  IX.  Catalogue  of  fishes  collected  at  Port  Castries,  8t.  Lucia,  by  the  steamer 
Albatro88j  November,  1888.  By  David  Starr  Jordan.  (Proc.  U.  B.  N.  M.,  1889,  pp.  645 
to  652.) 

No.  X.  On  certain  mesozoic  fossils  from  the  islands  of  8t.  Paul  and  St.  Peter,  in 
the  Straits  of  Magellan.    By  Charles  A.  White.    (Proc.  U.  8.  N.  M.,  1890,  pp.  13, 14.) 

No.  XI.  New  fishes  collected  off  the  coast  of  Alaska  and  the  adjacent  region  soath- 
ward.    By  Tarleton  H.  Bean.    (Proc.  U.  8.  N.  M.,  1890,  pp.  37  to  46. ) 

No.  XII.  A  preliminary  report  on  the  fishes  collected  by  the  steamer  Albatrou  on 
the  Pacific  coast  of  North  America  during  the  year  1889,  with  descriptions  of  twelve 
new  genera  and  ninety-two  new  species.  By  Charles  H.  Gilbert,  professor  of  zoology, 
University  of  Indiana.    (Proc.  U.  8.  N.  M.,  1890,  pp.  49  to  126.) 

No.  XUI.  Catalogue  of  skeletons  of  birds  collected  at  the  Abrolhos  Islanda,  BrazU, 
the  Straits  of  Magellan,  and  the  Galapagos  Islands,  in  1887-88.  By  Frederic  A. 
Lucas,  assistant  curator  of  the  department  of  comparative  anatomy.  (Pro«s.  11.8.9.11., 
1890,  pp.  127  to  130.) 
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No.  XIV.  BirdB  from  the  ooasts  of  western  NortU  America  and  adjacent  islands, 
oollected  in  1888-89,  with  descriptions  of  new  species.  By  Chas.  H.  Townsend,  resi- 
dent naturalist  of  the  steamer  Albatro$8.    (Proc.  U.  S.  N.  M.,  1890,  pp.  131  to  142.) 

Ko.  XV,  Reptiles  from  the  Clarion  and  Sooorro  islands  and  the  Gulf  of  California, 
^^vith  descriptions  of  a  new  species.  By  Chas.  H.  Townsend,  resident  natnralist  of  the 
steamer  Albairo$$,    (Proc.  U.  S.  N.  M.,  1890,  pp.  143, 144. ) 

No.  XYI.  Plants  collected  in  1889  at  Socorro  and  Clarion  islands,  Pacific  Ocean. 
Sy  Dr.  Geo.  Yasey  and  J.  N.  Rose,  botanist  and  assistant  botanist.  Department  of 
^^gricaltnre.    (Proc.  U.  8.  N.  M.,  1890,  pp.  145  to  149.) 

No.  XVII.  Descrlptioos  of  new  West  American  land,  fresh-water,  and  marine 
sJiells,  with  notes  and  comments.  By  Robert  E.  C.  Steams,  adjunct  curator  of  the 
department  of  moUusks.    (Proc.  U.  S.  N.  M.,  1890,  pp.  205  to  225). 

No.  XVIII.  Lists  of  fishes  obtained  in  the  harbor  of  Bahia,  Brazil,  and  in  adjacent 
'vratera.  By  Darid  Staxr  Jordan,  president  of  the  University  of  Indiana.  (Proc. 
U.  S.  N.  M.,  1890,  pp.  313  to  336.) 

No.  XIX.  A  supplementary  list  of  fishes  collected  at  the  Galapagos  Islands  and 
Panama,  with  descriptions  of  one  new  genus  and  three  new  speoies.  By  Charles  H. 
GUbert,  professor  of  soology.  University  of  Indiana.  (Proc.  U.  S.  N.  M.,  1890,  pp. 
449  to  455). 

During  the  period  covering  the  months  from  Febniary  to  May,  1891, 
the  Fish  Commission  steamer  A(&a^ro««,  by  special  authorization  of  the 
President,  made  an  extended  cruise  along  the  west  coast  of  Central 
Ajnerica  and  the  Galapagos  Islands,  including  also  the  west  coast  of 
Mexioo  and  the  Gulf  of  California.  The  scientific  work  of  the  vessel 
was  under  the  direction  of  Prof.  Alexander  Agassiz,  of  the  Museum 
of  Comparative  Zoology,  Cambridge,  Mass.  The  specimens  collected 
were  taken  in  charge  by  him,  aud  groups  distributed  to  specialists  for 
examination  and  report,  and  the  results  will  be  duly  published. 

The  distribution  of  the  publications  of  the  Commission  consisted  of 
IfiS^  copies  of  the  Reports,  2,045  copies  of  the  Bulletins,  aud  about  6,500 
copies  of  articles,  in  pamphlet  form,  extracted  firom  the  Reports  and 
Bulletins.  In  addition  to  these  there  were  issued  1,372  copies  of  the 
reports  j^epared  by  the  Commission  in  conjunction  with  the  Tenth 
Census  on  the  '^  Fisheries  aud  Fishery  Industries  of  the  United  States," 
and  1^8  copiee  of  the  report  from  the  Committee  on  Merchant  Marine 
and  Fisheries  of  the  House  of  Representatives  in  an  ^'Investigation  of 
the  Fur-Seal  and  other  Fisheries  of  Alaska"  (Report  No.  3883,  House 
of  Representatives,  Fiftieth  Congress,  second  session),  of  which  a  num- 
ber were  assigned  by  act  of  Congress  to  this  Commission. 

The  accessions  to  the  library,  mainly  obtained  through  gift  and  ex- 
change for  the  publications  of  the  Commission,  embraced  1,694  volumes. 
Including  pamphlets  and  periodicals.  Of  these  457  related  to  fish,  fish- 
coltoie,  and  the  fisheries,  and  1,237  to  geology,  botc^ny,  zoology,  and  the 
natural  scienoea  in  generaL 
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BRECTION  OP  FISHWAYS  AT  THB  GRBAT  PALLS  OP  THE  POTOMAC. 

By  act  of  Congress  approved  February  1, 1888,  an  additional  appir^ 
priation  of  $25,000  was  inade  for  completing  the  construction  of  t^l 
fishways  at  the  Great  Falls  of  the  Potomac,  there  being  already  avsi.i 
able  for  this  purpose  $5,042.32,  the  balance  of  the  previous  approppij 
tiou  of  $50,000  made  by  act  approved  July  12, 1882.  In  pursuance  < 
instructions  from  the  Chief  of  Engineers,  XT.  S.  Army,  Col.  J.  M.  Wilaoi 
then  in  charge  of  the  Washington  Aqueduct,  addressed  me  under  dat 
of  June  4, 1889,  as  follows : 

OrpiCB  OP  THE  Washington  Aqueduct, 

Waskingtan,  D.  C,  June  4, 1889. 

Sir  :  I  hare  the  honor  to  inform  you  that  I  have  this  day  received  from  the  Chioi 
of  Engineers  yonr  letter  of  the  14th  ultimo  to  the  Secretary  of  War,  with  varioa^ 
indorsements  thereon,  together  with  copies  of  the  letter  of  the  Slat  ultimo  to  yoi^ 
from  the  Acting  Secretary  of  War. 

The  Chief  of  Engineers  has  directed  me  as  follows: 

''  Col.  Wilson  will  place  himself  in  communication  with  the  Commissioner  of 
Fish  and  Fisherie:)  with  a  view  to  having  detailed  plans  and  specitications  pre- 
pared;  contracts  drawn,  and  an  inspector  nominated.  After  approval  by  this  office, 
the  work  will  be  carried  out  under  the  direction  of  said  inspector,  Col.  Wilson  con- 
fining his  supervision  to  seeing  that  the  dam  is  not  injured  and  that  the  disburse- 
ment of  the  money  is  properly  made.'' 

In  view  of  the  foregoing  order  1  have  the  honor  to  request  that  you  will  please 
cause  to  be  prepared  and  sent  to  me,  at  your  convenience,  plans  and  specifications  in 
detail  of  the  proposed  finh  ways,  and  that  you  will  nominate  as  inspector  snch  person 
as  yon  may  deem  fit  to  inspect  this  important  work. 

It  has  been  the  custom  of  this  office  to  pay  ordinary  inspectors  about  $100 per  month, 
but  in  view  of  the  character  of  your  work,  which  will  probably  require  the  servicer 
of  an  expert,  I  think  his  salary  should  be  higher,  probably  from  $120  to  $140  or  $150 
per  month,  depending  upon  his  skill  and  capacity. 

The  plans  and  spocificatious  should  be  complete,  the  latter  entering  into  the 
minutest  detail,  as  they  become  a  part  of  the  contract,  and  any  omission,  howevex 
trifling,  may  lead  to  complications  with  contractors. 

As  soon  as  these  plans  and  specifications  reach  me,  I  will  prepare  advertisemente 
inviting  prox)osals,  and  after  the  work  is  awarded  will,  subject  to  the  approval  o\ 
the  Chief  of  Engineers,  enter  into  contract  for  the  work. 

As  soon  as  the  contractor  is  ready  to  begin,  I  will  notify  you,  and  your  inspector 
can  then  be  appointed  and  assigned  to  duty. 

In  all  payments  upon  vouchers,  I  shaU  request  your  certificates  as  to  quantity  oi 
materials  received,  time  employed,  etc.,  and,  based  upon  them,  will  makepmymente 
as  required  by  order  of  the  Secretary  of  War. 

If  agreeable  to  .you,  I  will  be  glad  to  see  you  at  this  office  any  day  between  11 
a.  m.  and  12 :30  p.  m.,  to  consult  in  reference  to  this  matter ;  or,  if  you  prefer  it,  I 
will  take  pleasure  in  coming  to  your  office  any  day  you  may  mention  after  4  p.  m. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
ColwUl,  U,  S.  Armjf. 

Hon.  Marshall  McDonald, 

Commiasioner  of  Fish  and  FUherieB,  Waahingtonf  D,  C. 
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After  conference  with  Col.  Wilson  and  acting  in  accordance  with  his 
soggestions,  the  work  of  preparing  the  necessary  plans  and  specifica- 
tions was  assigned  to  Mr.  0.  E.  Gorham,  the  engineer  officer  of  the 
CommissioD. 

During  the  winter  of  1889-90,  the  plans  and  specifications  were  care- 
fully studied  and  revised  and  were  ready  for  transmission  in  April, 
1890,  but  owing  to  various  delays  and  the  difficulty  of  finding  a  suitable 
person  to  designate  as  inspector,  were  not  transmitted  until  after  the 
dose  of  the  fiscal  year  covered  by  this  report. 

WORLD'S  COLUMBIAN  EXPOSITION. 

Section  16  of  the  act  of  Congress  approved  April  25, 1890,  "  To  pro- 
vide for  celebrating  the  four  hundredth  anniversary  of  the  discovery  of 
America  by  Christopher  Columbus  by  holding  an  international  exhibi- 
tion of  arts,  industries,  manufactures,  and  the  products  of  the  soil, 
inines,and  sea,  in  the  city  of  Chicago,  in  the  State  of  Illinois,"  directs — 

That  there  shall  be  exhibited  at  said  Exposition  by  the  Goyemment  of  the 
United  States,  from  its  executive  departments,  the  Smithsonian  Institution,  the  U.  S. 
FiBhCommission;  and  the  National  Museum,  such  articles  and  materials  as  iUnstrate 
the  Ainction  and  administrative  faculty  of  the  Government  in  time  of  peace  and  its 
resources  as  a  war  power,  tending  to  demonstrate  the  nature  of  our  institutions  and 
their  adaptation  to  the  wants  of  the  people ;  and  to  secure  a  complete  and  harmo- 
nious arrangement  of  such  a  Government  exhibit,  a  board  shall  be  created  to  be 
charged  with  the  selection,  preparation,  arrangement,  safe  keeping,  and  exhibition 
of  snch  articles  and  materials  as  the  heads  of  the  several  departments  and  the  di- 
rectotB  of  the  Smithsonian  Institution  and  National  Museum  may  respectively  decide 
shall  be  embraced  in  said  Government  exhibit.  The  President  may  also  designate 
additional  articles  for  exhibition.  Such  board  shall  be  composed  of  one  person  to 
he  named  by  the  head  of  each  executive  department,  and  one  by  the  directors  of  the 
Smithsonian  Institution  and  National  Museum,  and  one  by  the  Fish  Commission, 
•Qch  selections  to  be  approved  by  the  President  of  the  United  States.  (U.  S.  Stat.  26, 
pp.  82  d  leg.) 

In  pursuance  of  law,  the  Commissioner  named  Mr.  J.  W.  Collins, 
assistant  in  charge  of  the  Division  of  Fisheries,  as  the  representative  of 
the  Commission  on  the  Government  Board  of  Control  and  Management, 
and  his  designation  having  been  approved  by  the  President,  Mr.  Collins 
entered  nx>on  his  duties  in  August,  1890.  No  active  work  was  under- 
taken until  April,  1891,  when  certain  of  the  personnel  were  appointed, 
a  building  at  210  Tenth  street,  N.  W.,  Washington,  was  leased  and  fitted 
^V  for  offices  and  work  shops,  and  the  preparations  commenced. 

In  response  to  a  communication  from  the  Secretary  of  the  Treasury 
^nesting  an  estimate  of  the  money  and  space  required  for  an  adequate 
exhibit  of  the  fisheries  and  fishery  resources  of  the  United  States  at 
fte  World's  Columbian  Exposition,  the  Commissioner  of  Fisheries  re- 
plied as  follows : 

Incompliance  with  yonr  reqneat,  I  have  the  honor  to  transmit  herewith  estimatea 
^f  the  eoBt  of  preparing,  placing,  caring  for,  and  returning  Huch  an  exhi\>\t  oi  1^<^ 


70  REPORT   OF   COMMISSIONER   OF   FISH  AND   FISHERIES 

fisheries  and  fishery  resources  of  the  United  States  as  should  in  my  Jndgment  be 
made  at  the  World's  Fair  in  Chicago  in  1893. 

Such  an  exhibit  should  not  only  be  an  exposition  of  our  fishery  resources,  and  of 
the  present  conditions,  methods,  and  results  of  the  fisheries,  but  should  also  show 
the  origin,  progress,  present  conditions,  methods,  and  results  of  the  inquiry  in 
regard  to  food-fishes  and  the  fishing- grounds — ^an  inquiry  which  has  been  most  fruit- 
ful in  results,  economic  as  well  as  scientific,  and  which  has  served  as  a  model,  a 
stimulus,  and  an  inspiration  to  other  nations  seeking  the  best  means  for  the  utilisa- 
tion of  the  resources  of  their  waters. 

The  exhibit  should  show  also  the  beginning  and  progress,  as  well  as  the  present 
condition,  of  the  commercial  fisheries,  and  the  development  of  methods,  apparatus, 
vessels,  and  boats  to  meet  the  new  conditions  or  exigencies  arising  from  time  to  time. 
It  should  show  the  origin  and  development  of  public  fish-culture  in  the  United 
States,  and  the  present  conditions,  methods,  and  results  of  the  work  of  the  U.  8. 
Fish  Commission. 

The  exhibit,  in  its  essential  features,  would  illustrate  an  industrial  and  economie 
evolutioD,  probably  as  distinctively  characteristic  of  the  genius  of  our  people  as  is 
the  evolution  of  oar  social  and  political  institutions. 

Detailed  estimates,  aggregating  $150,000,  were  Bubmitted  as  neces- 
sary to  carry  oat  the  plans  of  the  exhibit  proposed,  and  an  allotment 
of  40,000  feet  of  floor  space  indicated  as  requisite  to  provide  for  the 
convenient  and  proper  display  of  the  exhibit  contemplated.  In  the 
estimates  submitted  to  the  Secretary  of  the  Treasury  provision  was 
made  for  a  limited  aquarial  display  in  the  Government  building,  hav- 
ing for  its  object  an  exhibit  of  a  series  of  the  economic  fishes  of  the 
country,  more  especially  those  which  have  been  bred  artificially  for 
the  purpose  of  stocking  new  waters  or  the  improvement  of  the  fisheries 
in  those  waters  to  which  the  species  are  indigenous,  but  which  had 
been  depleted  by  improvident  fishing. 

The  suggestion  that  an  aquarial  display  was  contemplated  awakened 
general  interest  and  commanded  such  approval  and  expectation  that 
it  was  determined,  if  practicable,  to  enlarge  greatly  the  plans  first  con- 
templated, and  make  an  extensive  and  systematic  exhibit  of  the  water 
resources  of  our  entire  country,  both  marine  and  fresh.  These  plans 
required  the  erection  of  an  expensive  building  with  suitable  plant  for 
installation  and  maintenance.  It  was  recognized  that  it  was  not  proper 
to  expect  the  Oeneral  Oovernment  to  appropriate  so  much  money  to  a 
building  for  temporary  uses.  The  subject  was  brought  to  the  attention 
of  the  Director-General  by  the  Commissioner  of  Fisheries,  and  the 
difiiculties  of  the  enterprise  discussed.  In  view  of  the  interest  and 
instructiveness  of  the  exhibit  suggested,  the  directory  of  the  ExxK>si- 
tion  determined  to  erect  a  suitable  building  according  to  the  plans  of 
the  Commissioner  of  Fisheries  and  to  equip  it  with  the  necessary  plant 
The  Government  Board  of  Control  and  Management  undertook,  in  con- 
junction and  cooperation  with  the  Commissioner  of  Fisheries,  to  install 
and  maintain  the  exhibit  during  the  period  of  the  £xx>osition«  The 
display  thus  arranged  for  by  the  liberality  of  the  management  and  the 
cooperation  of  the  U.  S.  Fish  Commission  will  doubtless  be  one  of  the 
most  novel,  Attractive,  and  interesting  features  of  the  Exi)osition. 


) 
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STATB  PISH  COMMISSIONS. 

TheCommissioii  has  continued  to  cooperate  with  the  fish  commissions 
of  the  States  and  Territories  in  stocking  our  waters  with  suitable  kinds 
of  food-fishes.    The  accompanying  table  exhibits  this  association : 

8i4im€»t  tkowing  the  hinds  and  number  of  eggs  and  fiah  fumiehed  to  State  and  TerriUh 
rial  fiah  eammieeions  during  tM  fiscal  yeare  1890  and  1891, 


State  or  Territory. 


AriMtt.. 

ArkiMM. 
Oriifornia 
OeltrMlo.. 


Ddavan. 


OMfna. 
Oliaob. 


iBAtaa. 


lova 

KaaiM 
Kcateekj' 


Maine 

Maeiaebnaetta. 
IQehlgan 


MioneioU. 


MiMouri., 
KilRiaka. 


Senda 

^«w  Hampahire. 


^^•▼Tork.. 


SpeoiM. 


Cm 


Qainiiat  aalmoii . . . . 

Bainbow  trout 

Carp 

YoD  Bebr  troat 

Whiteliah 

Shad 

Carp 

Black  baas 

Rookbasa 

Carp 

Piko  peroh 

Carp 

Black  baaa 

Crappia 

Ywow  perch 

White  baaa 

Gatflah 

Snnflab 

Pike  parch 

Bnffafo 

Brook  pike 

Bock  baaa 

Landlocked  aalmoii 

Whiteflah 

Pike  peroh 

Black  baaa 

Carp 

Cnmple 

Rock  baaa 

Yellow  perch 

Landlocked  aalmon. 

...do 

...do 

Lake  trout 

Loch  Leven  trout. . 
Landlocked  aalmon 

Lake  trout 

Carp 

Yon  Behr  trout 

Carp 

Lake  trout 

Crappie 

Black  baaa 

Telknr  perch 

Yon  Behr  trout .... 
Loch  Leven  trout . . 
Landlocked  aalmon 
Atlantic  aalmon. . . . 
Landlocked  aalmon 

Bainbow  trout 

Lake  trout 

Loch  Leven  trout . . 

Saibllnff 

Yoo  Behr  trout  — 


Lake  trout 

Atlantic  aalmon  . . . 
Landlocked  aalmon 
Loch  Leven  trout . . 

SaibUnff 

Whitedah 

Pike  perch 

Lake  trout 

Yon  Behr  trout .... 

Carp 

Black  baaa 

Crappie 


1890. 


Bg«e. 


Fiah. 


1,320,000 
20,000 


8,000 
1,000,000 
2,249,000 


10,000 
10.000 


50,000 


50.000 
16,000 
80,000 
40,000 
250,000 


400 
125 

75 


*t7,170,000 

1,500 

*13,040 

*7,«31 

•6,075 

*6,380 

•6,670 

•4,408 

•1,000 

•1,760 

•70 


•r  100, 000 

t500,000 

900 


1,500 


200,000 


25,000 
40,000 
20,000 
25,000 
58.000 
25.000 
4,000 
5,000 


600,000 

15,000 

90,000 

4,000 

1,000,000 

1,000,000 


2,000 

1.200 

800 


1.082 


1891. 


Bgga. 


2,837,900 


8,500 


837,000 


25,000 


Fiah. 


500 
8,000 


5,000 


2,200.500 
4,000 


460 
8,000 

•t8, 000, 000 

6,090 

•11, 782 

•5,536 

•],496 


20,000 
150,000 


20,000 

'io.'ooo 


10.000 
10,000 
20,000 


50.000 

10.000 

500.000 

10,000 


50,000 
20,000 


i.  000, 000 


500,000 
12,750 


'995 


3,150 


5,000 
820 
520 
390 


2,000 
45,000 


f62,400 


5,200 


*Depoiited  by  the  V.  S.  Fi»b  CommUsion  in  wB,ten  deeignated  by  the  State  CommiaaionAxn.      \'Bt^* 
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Statement  Bhowing  the  kinde  and  number  of  eggs  and  fi$k  fumieked  to  State  and  TerriU: 

rialJUk  oommieeione,  etc, — Continaed. 


Stote  or  Territory. 


Ohio 


Oregon 

Fennflylvani* 


Rhode  Ulaod 

Utah 

Vermont 


Weet  Virginia 
Wiaconain 


Wyoming 


Spedea. 


Brook  tront 

Von  Behr  trout .... 
Loch  Leren  tront . . 

Catfish 

Whiteflah 

Qainnat  salmon . . . . 
Atlantic  salmon  . . . 

Whiieflsh 

Pike  perch 

Shad 

Carp 

Landlocked  salmon 

Crappie 

Rock  hnss 

Black  baas 

Atlantio  salmon . . . . 
Landlocked  salmon 

Lake  tront 

Carp 

Black  bass 

Yellow  perch 

Landlocced  salmon. 

Lake  treat 

Von  Behr  tront 

Carp 

Rainbow  trout 

Carp 

Von  Behr  tront 

Whiteflsh 

Carp 


Rainbow  trout 

Laketnmt 

Brook  trout . . . 

Carp 

Black  bass 

Crappie 

Sunflsh  


1880. 


1891. 


Sggs. 


Fish. 


1,000,000 

100,000 

10,000,000 

18,000,000 


f2, 000. 000 
2,000 


10,000 
10,000 


25,000 

326,1100 

10,000 


20,000 
0.000, 000 


12,600 
200.000 


1,700 


600 


100 


Eggs. 


47,500,000 
700,000 


14,000,000 
58,000,000 


40,000 


20,000 


25,000 


20,000 


10,000,000 


100,000 
20,000 


Fisl&. 


iOO 

800 
60 


•1, 


000 

iso 

r425 


1* 


«06 
036 


600 


1, 


2ft, 


5, 
5. 

1. 


*  Deposited  by  the  U.  8.  Fisb  CoAimissioo  in  waters  designated  by  the  State  oommiaaionen.    t  Tr^" 
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RELATIONS  WITH  OTHBR  GOVBRXMEKT  DBPARTMBNTS. 

Tlie  work  of  the  Fish  Commission  was  very  much  facilitated  by  the 
cooperation  of  the  other  o£Qces  of  the  Government. 

The  Light-House  Board  granted  i)ermi8sion  to  place  observers  and 
physical  apparatus  on  board  the  light  ship  at  Nantucket  New  South 
Shoal,  to  make  temperature  observations. 

The  Navy  Department  furnished  officers  and  crews  for  the  steamers 
and  granted  facilities  to  the  vessels  at  the  various  navy-yards. 

A  dredging  out&t  was  furnished  to  the  eclipse  expedition  to  West 
Africa  in  1889. 

The  Superintendent  of  the  Census,  after  conferring  with  the  Com- 
missioner, appointed  Capt.  J.  W.  Collins  and  Mr.  Charles  W.  Smiley 
to  take  charge  of  the  fishery  census.  Free  use  of  the  records  in  the 
Division  of  Fisheries  was  granted  to  the  census  employes  and  deskroom 
was  furnished  to  several  clerks.    At  the  request  of  the  Superintendent 
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of  the  Census,  the  statistics  gathered  by  the  Commission  concerning 
the  whale,  porpoise,  seal,  and  walrus  fisheries  of  the  United  States 
were  famished  to  the  Census  Of9ce. 

The  Secretary  of  War  authorized  the  location  of  a  fish-hatchery  on 
the  military  reservation  at  Fort  Oaston,  Cal.,  and  continued  the  privi- 
lege of  allowing  Fort  Washington,  on  the  Potomac  Siver,  to  be  used 
as  a  shad-hatchery. 

Acknowledgments  are  due  to  the  Government  Printing  Office  for  the 
excellent  manner  in  which  the  publications  of  the  Commission  have 
been  handled  and  for  many  courtesies  extended  in  the  matter  of  prompt 
oompUaDce  with  requests  for  other  official  printing  and  binding. 

To  the  Signal  Office  we  are  indebted  for  records  of  temperature  ob- 
servations on  the  Korth  Atlantic  Coast.  * 

The  Agricultural  Department  furnished  flowers  and  grass  seed  for 
the  Keosho  Station. 

The  health  officer  of  the  District  furnished  monthly  statistics  of  the 
Washington  fish  markets. 

The  steam  launch  Blue  "Wing  was  loaned  to  the  District  Commission- 
ers while  the  police  boat  was  being  repaired. 

The  steamer  Albatross  brought  animals  from  the  Galapagos  Islands 
^or  the  National  Zoological  Park,  Washington,  D.  C. 

RELATIONS  WITH   FOREIGN  COUNTRIES. 

Belgium. — ^In  February,  1890,  25,000  eggs  of  the  rainbow  trout  were 
forwarded  to  Maj.  W.  Turner,  Florin viUe,  in  exchange  for  25,000  eggs 
of  the  Yon  Behr  trout,  which  were  received  during  tiiat  month. 

Canada, — During  the  fall  of  1890  100  carp  were  sent  to  the  inspector 

of  fisheries  at  Wiunepeg,  Manitoba,  and  during  the  winter  of  1890-91 

10,000  eggs  of  the  Yon  Behr  trout,  10,000  eggs  of  the  Loch  Le ven  trout, 

ftnd  10,000  landlocked  salmon  eggs  were  forwarded  to   Mr.  W.  P. 

Qreenough,  Portneuf,  Quebec. 

Framoe. — 100,000  eggs  of  the  California  salmon  were  sent  to  the 
Soci6t6  Rationale  d'Acclimatation,  Paris,  in  January,  1890,  and  90,000 
in  January,  1891.  Both  of  these  shipments  were  received  in  excellent 
condition. 

Bermany. — ^In  the  fall  and  winter  of  1889,  crawfish,  catfish,  sunfish, 
vbite  perch,  and  tortoises  were  sent  to  Max  von  dem  Borne.  Of  these 
M  crawfish,  «3  catfish,  14  sunfish,  and  3  tortoise  were  received  alive. 
In  Hay  of  1890  and  in  the  winter  of  1890-91  white  perch,  sunfish,  and 
strawberry  bass  were  sent  to  him,  but  all  except  two  white  perch  died 
before  reaching  their  destination. 

To  Herr  von  Behr,  president  of  the  Deutsche  Fischerei  Yerein,  were 
sent,  in  1890, 20,000  brook  trout  eggs  and  40,000  landlocked  salmon  eggs ; 
and  in  1891,  100,000  whitefish  eggs,  10,000  rainbow  trout  eggs,  and 
^,000  landlocked  salmon  eggs. 

In  January,  1890, 10,000  rainbow  trout  eggs  were  sent  to  Herr  Oarl 
SehoBter,  Freiburg. 


74  BEPOBT  OF  COHHnUOKEB  QF  FIBH  AND   FISHEBIXa 

There  vere  received  from  Max  vod  dem  Borne,  in  Janosry,  1890, 
60,000  eggs  of  the  Alpine  variety  of  the  Yon  Behr  tnnit  and  20,000 
saibliDgeggSjand  in  March  15,000  eggs  of  the  Loch  Leven  tront  which 
bad  been  obtained  &om  Seeweiaeu  In  April  of  the  same  tost  10  large 
golden  tench  were  also  received  fr«n  him. 

Abont  the  middle  of  February  70,000  Von  Behr  tomt  eggs  arrived  by 
the  steamer  ^Iler,  60,000  being  given  by  the  Deatsche  Fiaoherei  Verein 
and  10,000  by  Herr  Carl  Schnater.  Of  these  abont  50,000  proved  to  be 
in  good  conditioQ.  In  the  fi>lIowing  wintw  thore  were  alBO  received 
from  this  Bociety  70,000  eggs  of  the  Von  Behr  tnrat,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Von  Behr  troat  eggs  sent  by  . 
this  sdbiety  in  Febmary  and  Maich  were  an  entire  loss. 

9reat  Britain. — ^To  the  Midland  Comities  Fish  Culture  Establishment 
the  following  shipments  wete  made:  In  the  winter  of  1880-90,  15,000 
rainbow  tront  eggs,  200,000  wbiteUsh  e^rs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,000 
rainbow  tront  eggs. 

In  Jnly,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brightrai 
Aqnariom. 

Mexico. — In  response  to  an  application  from  the  Mexican  OoverumeDt, 
60,000  lake  tront  eggs  were  sent  to  Sefior  Esteban  Ch^zari  in  January, 
1890,  and  50,000  in  Janaary,  1891 ;  26,000  rainbow  tront  eggs  and  10,000 
Von  Behr  tront  eggs  were  also  sent  to  him  in  January,  1891. 

Xormay. — Twenty-five  thonsand  eggs  of  the  California  salmon  were 
sent  to  Walt«r  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switicerland, — At  the  request  of  Mr.  Alfred  do  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  tront  were  sent  to 
Switzerland  in  JanuMy,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Mabshall  MoDonaij>, 

Oommiaaioner. 


BBPOBT  OF  0OBCMI881O9ER  OF  FISH  AITD  FISHBBDSS. 
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A.--Detea*  €f  dUfiribuUim,  1889^-90. 


SpedM  Mid  dlapoaitlon. 

]B«g«- 

Fry. 

Adnlta  and 
yearlings. 

Catfish: 

Indfin  OrMk.  Ifrw  AllianT.  Tml .....•...>*•..•-... -..r^.. ...... 

600 

Si|i!i>rrnwk,^«w  Albany,  Tim)...    ^ 

600 

Sdnnmoo  RW*r. Dwuitiir. Til  -.wr-....T^..r..^^^  r 

1, 745 

PiiitoQTia  I<akih  Mc  H«iii7.  Til 

* 

MO 

FoxLak*  MoHenry.  ill 

1.SB5 

Pond  of  ChkBfco,  Barliugton  and  Qaincy  lUilroad,  Gales- 
barE.DL 

'•S« 

CitT  Reaerroir.  IteUeviUe*  111 

Idnd  Ukif.  WatifrliMK  111 

50 

Sf h^™-  lAk^  Wat^5MK  Til 

60 

MiUpoiMLRedBiid.111 

40 

Crev4 Ccrar Lake. Crev* Ccaur. Mo  ........r...... .,.t,.- 

2,100 

Bcho  Tiikft,  Kannaa  (TItv.  Mo 

79 

Pond,  Uttie  Blae,  Mo 

800 

Ivd^^pwdoDCO, Mo ..,...., ...,.T... ^---r-.-, 

800 

Soldien'  Homo,  LeavenivortlL  Kima 

79 

Sibim-  l^kf,  Conrordia.  Kana 

400 

ChappawanoMo  Creek,  Qiiantico.ya I 

80 

Ca»p:    "                               w 

AppVf^Bit  In  Alabama 

260 

Ariaona 

80 

210 

Califtmia 

ao 

Colorado 

100 

CAnDvctiont  r ,., ^^^^..^^ 

200 

Delaware  .- 

680 

Florida 

200 

Geonria 

405 

Idaho 

180 

1.802 

TadiaD  Territory 

50 

ladlana 

130 

Iowa 

100 

Kanfuui 

986 

Keataoky. 

210 

Loniaiaaa 

112 

Maf B^  -  T 

70 

Maryland 

204 

Manaf  hnaetta 

40 

Michigan 

180 

Mlnnci^tA , 

1 

1,040 

Miaaiaaippi 

1 

140 

Miaaonrl 

190 

600 

Mebraaka 

80 

Kevada  

20 

Kew  Hampahire 

20 

Kew  Jersey 

54 

KewMezioo 

90 

Kew  York 

380 

Vorth  Carolina 

"*"*V 

370 

Korth  Dakota 

280 

Ohio 

670 

Oreffon  ........................................ 

10 

PennsyWania 

3,719 

Rhode' Inland « 

10 

80 

80 

Tenneaaee 

576 

Tezaa  

200 

Utah 

1,900 

Vermont 

610 

Virginia 

L220 

WMhf  pgtAn    

90 

Weat  V&ginia 



240 

Wlaconain 

110 

Wyoming 

7,018 

ruj*  1               Manitoba.. .,.  ^ 

100 

Goldfiali .             —«•••««• 

395 

Arkaaaaa 

8 

12 

Delaware 

168 

6,450 

Florida ..... 

100 

507 

Idaho .'.'....'...'.r.'.' 

8 

niinoia 

1,308 

138 



Iowa...,.,,....'. ..,,, 

;;:::;;;::::\v.v.v.v.v.. 

74  BEPOBT  OF  COMMISaiOMEB  QP  PISH  AND   PI8HEBIB& 

There  were  received  from  Max  von  dem  Borne,  in  Janoary,  I89CS 
50,000  eggs  of  the  Alpine  variety  of  the  Yon  Behr  tront  and  20,0(^< 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  troat  whie-3 
had  been  obtained  from  Seeweiae.  In  April  of  the  same  year  10  larj 
golden  tench  were  also  received  from  him. 

Aboat  the  middle  of  February  70,000  y<m  Behr  troat  eggs  arrived 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fischerei 
and  10,000  by  Herr  Carl  Schuster.    Of  these  about  56,000  proved  to 
in  good  condition.    In  the  following  winter  there  were  also  receive 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,0C>Ci 
were  in  good  condition. 

The  300,000  whiteflsh  ^gs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdtiety  in  February  and  March  were  an  entire  loss. 

Great  Britam. — ^To  the  Midland  Counties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1880-90,  15,000 
rainbow  trout  eggs,  200,000  whiteflsh  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whiteflsh  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brighton 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemm^t, 
50,000  lake  trout  eggs  were  sent  to  Se£[or  Esteban  Ch&zari  in  January, 
1890,  and  60,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  hiui  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marshall  McDonald, 

Comm%»9umer. 
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A.^ 


€f  dUfiribuUon,  J88»-90, 


SpeclM  Mid  dispoaition. 

]&««• 

Fry. 

Adults  and 
yearlings. 

Indian  Creek,  New  Albaay,  Ind ««.»«..^. 

Sil"«^r  Cnwk.New  AlbaDT.  Ind  -.,.-. x 

600 
600 

^Wmirfunon  RiT^ir.  TlnrAtiiT.  Til 

1,746 

T^jttafinA  l^k^  MoR^mrv. HI......  t.-t... 

MO 

fTox  Lake  MoHenrv.  Ill 

1,SB6 

l»0nd  of  Chkaico,  BarliDgton  and  Qutncy  lUilroad,  Gales- 

bars.  111 

'•S8 

r!ity  Reservoir.  B«Ueville,IlI 

Tfil^nil  lAki^.  Val^^rloo. Iir   ■       .,-__-,-  ,- 

60 

■kScihoor  Lake.  Waterioot  III 

60 

ai.illi>ond.RedBnd.Iir.... 

40 

rf^reve  C<Mir  Ijake.  Creve  Cofmr. Mo  ......<-,^-...,- t 

2.100 

ft/ckko  T<ake.  KaiMUMi  Citv.  Mo 

79 

-food  Little  Blae.Mo - 

800 

TndfnMmdeiMM). Mo ..T...,-...^.~-r. 

800 

4Al<lif)ni'  Homfl. Tjeavemvorth.  Kana .....^.....^^..^-- 

79 

«tll>l<»v  T<ak«.  Concordia.  Kaos 

400 

f^1t«niMw*niif|M  Creek. Onantico. Va  . r. ....,,.***,. -r*rT-M-i- 

80 

^'^'^/LVDlioanfalii  Alabama.,  rT,--xT.»,TT--T-rT---r- 

1 

1 

260 

AHCOI^A TT r, -r 

80 

210 

Califo-nia 

ao 

Colorado -r- 

100 

ConnMSticat. ..r, ..r,rT-^ ,.,-■,, r-,-- 

200 

680 

Florida 

200 

Oeomia - 

405 

Idaho 

180 

1,803 

TBdian  Territory 

60 

Indiana r 

130 

Iowa 

100 

KanfiaA ■ 

906 

KsBtneky 

210 

112 

Main^  --,■ 

70 

204 

Massanhnsetta 

40 

Michigan 

180 

MinnesoU 

1 

1,040 

Mississippi 

1 

140 

Missouri 

190 

500 

Nebraaka 

80 

Kevada 

20 

Hftw  Haanpshire 

20 

New  Jersey 

54 

ITew Mexico  ...r. 

90 

Kew  York 

330 

Worth  Carolina 

■  ••"/■ 

370 

North  Dakota 

230 

Ohio 

570 

Oregon 

10 

PennsyWania 

3,719 

10 

Roqth  Ca>x>ifna 

80 

80 

Tennessee 

575 

Texas 

200 

TTtah       

1,900 

Vermont 

610 

Virginia 

1,220 

90 

West  Virginia 

240 

Wisconsin  ....              . .  x .  ^  a » 

110 

Wyoming 

7,018 

^                  Muiitoba. 

100 

(jddOth: 

395 

Arkansas 

8 

12 

Delaware 

168 

5,450 

Florida 

100 

507 

Idaho '.!"'.'. 

8 

nfinois 

1,308 

Indiana 

138 

8 

Iowa , 

242 

74  BEPOBT  OF  COHMimOMEB  QP  PISH  AND   FI8n£BIE& 

There  were  received  from  Max  von  dem  Borne,  in  January,  189 
50,000  eggB  of  the  Alpine  variety  of  the  Yon  Behr  trout  and  20,0# 
saibling  eggs,  and  in  March  15,000  eggB  of  tbe  Loch  Leven  trout  whic 
had  been  obtained  fhHn  Beeweiae.  In  April  of  the  same  year  10  larg 
golden  tench  were  also  received  from  him. 

About  the  middle  of  Febmary  70,000  Yon  Behr  trout  eggs  arrived  b, 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fiscberei  Yereti 
and  10,000  by  Herr  Carl  Schuster.  Of  these  about  56,000  proved  to  tx 
in  good  condition.  In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,OOC 
were  in  good  condition. 

The  300,000  whitefish  ^gs  and  30,000  Yon  Behr  trout  eggs  sent  bj 
this  sdt*iety  in  February  and  March  were  an  entire  loss. 

Great  Britain. — ^To  the  Midland  Counties  Fish  Culture  Establishmeni 
the  following  shipments  were  made:  In  the  winter  of  1880-90,  15,00( 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal 
mon  eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,00( 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brightoi 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemm^t 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Ch&zari  in  January 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,00( 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway, — Twenty-five  thousand  eggs  of  the  California  salmon  wen 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swisi 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  t< 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  b] 
a  shipment  of  40,000  more. 

Marshall  McDonald, 

Commissioner. 


BEPOBT  OF  OOBCMISSlOllfER  OF  FIBH  AlCD  FI8HBBIE8. 
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A^ 


€f  di9tnbuium,  18S9^-00. 


SpedM  Mid  diapoaidon. 

iBio;*- 

Fry. 

Adnlta  and 
yearlinga. 

Btftsh: 

600 

Sllvfrr  Crwrtt. New  AIImbv.  Ind r r -  r... 

600 

samraitinii  RiTttr.  Dfioatnr. Ill ...t.^t 

"^"•"••••••* 

1.745 

lH»t.^«i^A  fjiVetMcH^iiry.  fllxtxtx     TT.TT.      -        r    -x 

900 

Fox  Lako  McHenrv.  Ill 

1.585 

Pond  of  Chkafeo,  BnrUDgton  and  Qoinoy  Bailroad,  Galaa- 
lMirc,III .:...... 

^•S8 

CitT  Kea«rvoir.  BeHeville.  Ill 

Island  T«akf).  Watwlim.  Ill 

50 

SfiMor  I/nkif .  W*t#rioa.  JU  . - 

60 

HiU  pond.  Red  Bnd.  HI 

40 

Cny« CoMir  LakOi Cwrva Cowir. lAo  ...,^^^ ^t-^-t^ 

2,100 

l^ho  Lakft,  Kanaaa  CHti  Mi> 

70 

Pond.  Utile  Blue,  Mo  .1 ! 

800 

IndeiMflidenfie.  Mo ,,...T.r.TTrr.T--^.r-rT ^^ 

800 

Soliliiini*  HnmA.  T^aavmu's Artk.  Kana .....,....r.T- 

79 

{^VW  Lake,  Cen<*oTdla.  Kana ' 

400 

Cbavbawaanaee Creeki Onantieo.  Va  ..................*...>. 

80 

^wUcantaiB  Alabama 

260 

Ariaona. 

80 

210 

Califo-nia 

80 

Colorado 

100 

Conneoticnt 

200 

Delaware 

•••••■«•«•«■ 

680 

Florida 

200 

Qeonria 

485 

Idaho 

180 

1,602 

Indian  Teiritorv 

50 

Indiana 

130 

Iowa. 

100 

'Kanaaa 

066 

Kantncky 

210 

112 

Maine . 

70 

Maiyland 

204 

Maaaaehaoetta 

40 

Michigan 

180 

Mtaineaota 

1,040 

Miaaiaaippi 

140 

Miaaonri:. 

190 

500 

Kebraaka 

80 

Nerada 

20 

ITew  Hanpahire 

20 

Kew  Jera^ 

54 

ITew Mezloo 

00 

Kew  York 

880 

North  Trarolina 

•••*v**"** 

370 

Korth  Dakota 

230 

Ohio 

570 

Oregon 

10 

PenmyWania , 

3,719 

Rh^^e'Twland 

10 

Ronth  Caix>ifna 

60 

80 

Tenneaeee 

575 

Texaa  , .  r , . .  a .....  ^  .. 

200 

TTtah       

1,900 

Yennont 

610 

Yirainia 

1,220 

00 

Weat  V&ginia ........\.!..i;^.^. !!..!.!! 

240 

Wiaoonain 

110 

Wyominff 

7,010 

,^                   Manitoba. '.'.'.'. 

100 

0<Adaab: 

395 

A.rVnffaaa 

6 

12 

Delaware 

108 

6,450 

Florida 

100 

507 

Idaho I "... 

6 

T11{nA{«         

1,308 

Indiana ^ 

138 

6 

Iowa , 

242 

74  BEPOBT  OF  COMMIttlONEB  QP  PISH  AND   PI6H£BIB8. 

There  were  received  from  Max  von  dem  Borne,  in  January,  18^ 
50,000  egga  of  the  Alpine  variety  of  the  Yon  Behr  tront  and  20,0^ 
saibling  eggs,  and  in  March  15,000  eggB  of  the  Loch  Leven  trout  whics 
had  been  obtained  from  Beeweiae.  In  April  of  the  same  year  10  lar^ 
golden  tench  were  also  received  from  him. 

About  the  middle  of  February  70,000  Yon  Behr  tnmt  eggs  arrived  by 
the  steamer  Allery  60,000  being  given  by  the  Deutsche  Fischerei  Y^^iii 
and  10,000  by  Herr  Carl  Schuster.  Of  these  about  56,000  proved  to  be 
in  good  condition.  In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  ^gs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdt*iety  in  February  and  March  were  an  entire  loss. 

Oreat  Britain. — ^To  the  Midland  Counties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1889-90,  15,000 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  w^re  sent  to  the  Brighton 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemm^t, 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Chdzari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marshall  McDonald, 

CommiMioner. 
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A.— DtfMfo  «/ 


ian,J8S9-30. 


SpedM  and  disposition. 


itfiob: 

iDdian  Creek,  Kew  Albany,  Ind •«..«^^. 

Silver  Creek,  Now  Albany.  Ind 

Sangamon  RiTor,  Docalar,IU 

Piataqoa  LakOk  McHenry,  HI 

Fox  Lake.  MoHenry,  111 

Pond  of  Chicago,  Borliugton  and  Qoinoy  Railroad,  Galea- 

bars,  lU 

aty  Beaeryolr.  BaUeTUle,Ill 

Island  Lake,  Waterloo,IU 

ScboorLake,  Waterloo,  111 

UUl  pond.  Red  Bud,  lU 

Creva  Coenr  Lake,  Creve  Cc»ur,  Ho 

Scho  Lake,  Kanaaa  City,  Mo 

Pond.  Little  Blae,  Mo 

Independenoe,  Mo 

Sol<liera'  Home,  Leavennorth,  Kana 

Slldey  Lake.  Concordia.  Kana 

Cbappawacaaee  Creek.  Qaantioo,ya 

Cnxp: 

Applicants  in  Alabama 

Ariaona 

Arkanaaa 

Califomia 

Colorado 

Conneoticat 

Delaware 

Florida 

Georgia 

Idabo 

Illinois 

Indian  Territory 


Bggs. 


Fry. 


Iowa 

Kansas 

Kentneky 

liOaisiana 

Maine 

Maryland 

Msaaaoboaatts . . 

Michigan 

Minneaota 

Miasissippi 

Miaaonri 

Montana 

Kebraaka 

Kevada 

Kew  Hampahire 

Kew  Jersey 

Kew  Mezioo 

Kew  York 

Kortb  Carolina.. 
Korth  Dakota... 

Ohio 

Oregon 

PennayWania . . . 
Rhode  Island  ... 
8oath  Carolina. . 
Boath  Dakota . . . 

Tenneaaee 

Tezaa 

Utah 

Vermont 

Virginia 


Waahington... 
Weat  Vbginia 


Wlaoonain 

Wyoming 

^ -j^  ,  Manitoba 

G«wah: 

^P^icanta  in  Alabama 

Arkanaaa 

Connecticnt 

Delaware 

Diatriet  of  Colombia. 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Indian  Territory 
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74  BEPOBT  OF  COHMnWOMSB  QF  FI8H  AND   FI6HEBIE& 

There  were  received  from  Max  von  dem  Borne,  in  January, 
50,000  egga  of  the  Alpine  variety  of  the  You  Behr  tront  and  20,( 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  whi«:72> 
had  been  obtained  from  Beeweiaeu  In  April  of  the  same  year  10  lar^?0 
golden  tench  were  also  received  from  hinu 

About  the  middle  of  February  70,000  Yon  Behr  trout  egg&  arrived  by" 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fischerei  Yereis 
and  10,000  by  Herr  Carl  ):)chu8ter.    Of  these  about  56,000  proved  to  be 
in  good  condition.    In  the  foUowing  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdt*iety  in  February  and  March  were  an  entire  loss. 

Chreat  Briiain. — ^To  the  Midland  Oounties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1889-90,  15,000 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brighton 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemment, 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Gh&zari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Bwitzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marshall  MoDonalb, 

Commissioner. 
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74  BEPOBT  OF  COMMiaaiOMSB  QF  FI8H  AND   FI6HESIB& 

There  were  received  from  Max  von  dem  Borne,  in  January,  1 
50,000  egga  of  the  Alpine  variety  of  the  You  Behr  trout  and  20,< 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  whi 
had  been  obtained  tnm  Seeweiaeu    In  April  of  the  same  year  10  lar^r^^ 
golden  tench  were  also  received  from  him. 

About  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  bjr 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fiacherei  Yerein 
and  10,000  by  Herr  Carl  ):)chu8ter.    Of  these  about  56,000  proved  to  be 
in  good  condition.    In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdt*iety  in  February  and  March  were  an  entire  loss. 

Oreat  Briiain. — ^To  the  Midland  Oounties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1889-90,  15,000 
rainbow  trout  eggs,  200,000  whitefish  e^s,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whit^lsh  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brighton 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemment, 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Gh&zari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — ^Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marshall  MoDonalb, 

Commissioner. 
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74  BEPOBT  OF  COHmttlOMSB  QF  FI8H  AND   FI6HEBIBB. 

There  were  received  from  Max  von  dem  Borne,  in  January,  1880, 
50,000  eggs  of  the  Alpine  variety  of  the  You  Behr  tront  and  20,000 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  which 
had  been  obtained  tami  Seeweiseu  In  April  of  the  same  year  10  large 
golden  tench  were  also  received  from  him* 

Abont  the  middle  of  February  70,000  Yon  Behr  troat  eggs  arrived  by 
the  steamer  Alter y  60,000  being  given  by  the  Deutsche  Fischerei  Y«ein 
and  10,000  by  Herr  Carl  ):)chuster.  Of  these  about  56,000  proved  to  be 
in  good  condition.  In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdt*iety  in  February  and  March  were  an  entire  loss. 

Great  Briiain. — ^To  the  Midland  Oounties  Fish  Culture  Establishment 
the  following  shipments  were  made :  In  the  winter  of  1889-90,  15,000 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whit^lsh  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  incheslong,  were  sent  to  the  Brighton 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Government, 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Gh&zari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland* — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890 ;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marshall  McDonald, 

Commissioner. 
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74  BEPOBT  OF  COHmttlOMSB  QF  FISH  AND   FZ8HEBIE& 

There  were  received  from  Max  von  dem  Borne,  in  January,  ISM 
50,000  egga  of  the  Alpine  variety  of  the  You  Behr  trout  and  2O,00C 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  whicl 
had  been  obtained  from  Beeweiaeu  In  April  of  the  same  year  10  largi 
golden  tench  were  also  received  from  him* 

About  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  b] 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fiacherei  Yereii 
and  10,000  by  Herr  Carl  ):)chu8ter.  Of  these  about  56,000  proved  to  b< 
in  good  condition.  In  the  fbUowing  winter  there  were  also  receivec 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,00( 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  b] 
this  sdbiety  in  February  and  Mareh  were  an  entire  loss. 

Great  Britain. — ^To  the  Midland  Counties  Fish  Culture  Establishmem 
the  following  shipments  were  made:  In  the  winter  of  1880-90,  15,00( 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal 
mon  eggs;  in  the  winter  of  1890-91  200,000  whit^lsh  eggs  and  15,00( 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brightoi 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemment 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Ch&zari  in  January 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,00( 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway, — Twenty- five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swisfi 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marshall  McDonald, 

Commissioner. 
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MwTTiii*lmwtta 

40 

Michigan 

160 

Minneaota 

1 

1»640 

Miaaiaaippi 

\"'      ' 

140 

IfivtAnrT                

190 

500 

Kobraaka 

80 

KevaiU 

20 

Kaw  Hampahiro 

20 

Kew  Janoy 

64 

NewMozloo 

90 

Now  York 

330 

Korth  Carolina. 

•••••>*•***•" 

870 

Korth  Dakota 

280 

Ohio 

570 

Oreicon 

10 

Ponnaylvania 

8,719 

Rhodo'lvland -. 

10 

South  Carolina 

60 

80 

Twinpaaee. ...  .  4 . .         x  x . .  *  ^ 

575 

Tozaa , 

200 

Utoh 

1,900 

Vermont 

610 

Virginia 

1.220 

Waahington 

90 

Weat  V&sinia 

240 

Wlaconain 

110 

Wyoming 

7,016 

«  ,^,                  Manitoba. 

100 

GoUltb:              -^-«»»«w» 

395 

Arkanaaa x . 

6 

12 

Delaware 

168 

6,450 

Florida . . 

100 

507 

TH»ii?    ...;  * 

6 

niinoia 

1,308 

138 

6 

Xowa..........* .i.t»*»«t 
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74  BEPOBT  OF  COHmmOKEB  QF  FISH  AND   FI6H£BIBfi. 

There  were  received  from  Max  von  dem  Borne,  in  January,  188(1, 
50,000  eggs  of  the  Alpine  variety  of  the  You  Behr  trout  and  20,000 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  which 
had  been  obtained  tami  Seeweiaeu  In  April  of  the  same  year  10  large 
golden  tench  were  also  received  from  him. 

Abont  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  by 
the  steamer  Alter ^  60,000  being  given  by  the  Deutsche  Fiacherei  Y«ein 
and  10,000  by  Herr  Carl  ):)chu8ter.  Of  these  about  56,000  proved  to  be 
in  good  condition.  In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdt*iety  in  February  and  March  were  an  entire  loss. 

Chreat  Britain. — ^To  the  Midland  Oounties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1889-^,  15,000 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  w^re  sent  to  the  Brighton 
Aquarium. 

Mexico. — ^In  response  to  an  application  from  the  Mexican  Oovemment, 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Gh&zari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Masshall  MoDonalb, 

Commissioner. 
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A.— DvtoO*  of  a 


Um^  J8S9-30, 


SpedM  and  dispMltioii. 

««»■• 

Fry. 

Adolta  and 
yearlings. 

Catflih: 

lodiBD  CfMk,  Jncw  Albsiiyfliid*  •••••••••••  •*-»«•»«'•<•«•••-•»• 

SilTCT  Cr»k.  New  AIImdt.  ind - 

500 
600 

SUncramnn  RivAr.  TWwuklAiT.  Til 

1. 745 

Pintaaitt  Li^&  McHenrv.  Hi ,...*.... 

(KM) 

Fox  Lake  MoHenr v.  1 11 

1.585 

Pond  of  Chica|(o,  JBorUugton  and  Qoincy  IUdlroiul»  Gale*- 
bnre.IU. 

'''^ 

CitT Reaerroir.  BeUeTille.Ili 

ItlandUkiN  WniffriAO.  IP  

50 

SchoorLake,  Watcrloa  111 

60 

Mm  pond,  Itod  Bad.  Ill 

40 

Cre'a Corar Lake. Creve  C4i(Hir. Mo  .......^..-r,.^^^ 

............ 

2.100 

Bcho  TiAka  KaiuMiA  f  ?itv.  Mo 

70 

Pond  Little  Blue.  Mo  .11 

800 

IndnMndeiMW.  Mo r,r,T rt 

800 

Soldten*  Hone. LeavenwortlL  Kana 

70 

SihW  Uke.  Oimrontia.  Kana '.   .' 

400 

CliapiMWaaiiaM  PrMiV.  QtiMitlnA.  Yft  ^^ ,,,,,^_^^--- _-.    

80 

Carp: 

AnpHfADtt in  Alabama .-r.-. 

1 

1 

200 

Ariaona 

80 

ApkjmfiflA 

210 

Califomi* 

80 

Colorado - 

............ 

100 

Conaeotioat .- 

200 

I)elaware 

060 

Florida 

200 

OeorsiA 

405 

Idaho . 

180 

1.602 

Indian  Territory 

50 

Indianft .•■ 

130 

Iowa 

190 

Kaneaa. .. 

966 

Kentneky 

210 

IjcmiaianA 

112 

M#ine                  

70 

MaiTl  and r 

204 

Maaaaohnaetta 

40 

Michigan 

160 

Minneaota 

1,640 

Miaaiaaippi 

140 

Miawmri 

190 

500 

Kebraaka 

80 

KevadA  -. 

20 

Hew  Hampahire 

20 

Kew  Jeney 

64 

Kew  Mexico .....r..,^ ,,.,.,.,, 

90 

New  York 

330 

Kinrth  Carolina 

...•.^...... 

870 

North  Dakota 

280 

Ohio 

570 

Oreiron 

10 

PennayWania 

8,719 

Rhode'laland — 

10 

South  Carolina 

60 

80 

Tenneaaee .........     . 

675 

Tezaa 

200 

ITtah             

1,900 

Vermont 

610 

Virginia 

1.220 

Waahington 

90 

Weat  V&sinia 

240 

Wiaconain 

110 

Wyoming 

7,010 

„  ,^                   ifftpit/kYm , 

100 

GoUltb-              -■—••wi'w" 

305 

6 

12 

*Pel«wan>... , ,.,.        ,  ^    ,, 

168 

6.450 

Florida .  . . 

100 

507 

Td^hS  .'...';"!.'.'.';..'.'.* .*.*'.".'.'!.';"*.'"* 

6 

Tllii^nif                                   

1.308 

138 

6 

Xowa •# •.•••••# 
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74  BEPOBT  OF  COHmttlOMSB  QF  FI8H  AND   FI6H£BIBfi. 

There  were  received  from  Max  von  dem  Borne,  in  January,  188(1, 
50,000  eggs  of  the  Alpine  variety  of  the  You  Behr  trout  and  20,000 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  which 
had  been  obtained  frmn  Beeweiseu  In  April  of  the  same  year  10  large 
golden  tench  were  also  received  from  him. 

About  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  by 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fischerei  Yerein 
and  10,000  by  Herr  Carl  ):)chuster.  Of  these  about  56,000  proved  to  be 
in  good  condition.  In  the  foUowing  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,000 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdt'iety  in  February  and  March  were  an  entire  loss. 

Great  Britain. — ^To  the  Midland  Oounties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1889-90,  15,000 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  w^re  sent  to  the  Brighton 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Government, 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Gh&zari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Marhhatj.  MoDonalb, 

Oommiseioner. 
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A.— Dvtoifo  4if  diHr^uti^n,  1889-30. 


Species  and  dispeeition. 


I  •••  •  •  »■ 


Catflth: 

lodiBD  Creek,  New  Albany,  Ind  ..■.>>•■■•••..««•  »• 

surer  Craek,  New  AlbftBy.  ind 

SuguDon  River,  Decatur,  HI 

PbUqna  Lake^  McHenry,  HI 

Fox  Lake,  MoHenry,  111 

Pond  of  ChJoMiro,  BnrliDgton  and  Quiney  Railioadr  Gale*- 

bnrg.Ill .: 

City  Reaerroir,  Belleville.  Ill - 

IdaadUke,  Waterloo, lU 

SchoorLake,  Waterloo.  Ill 

Mill  pond,  Red  Bnd.  Ill 

Creve  0»ur  Lake,  Creve  Co»ur,Ho 

Bcho  Like,  Kansaa  City,  Mo 

Pond.  Little  Blae,  Mo 

Indmeodenoe,  Mo 

Sddiftn*  Heme,  LeaTennortk,  Kma 

Sibley  Lake.  Concordia.  Kana 

Chappawaoaaee  Creek,  Qaaatioo,  Vft 


Bggs. 


AppUcanta  la  Alabama 

Ariaona 

Arkanaaa 

Califomia 

Colorado 

Conneoticat 

Delaware 

Florida 

Geonria 

Idabo 

lUinola 

Indian  Territory. 
"^HJ^ffflff 

Iowa 

Kansaa 

Kentnelcy 

Loniaiana 

Maine 

Maryland 

Maaaaobosetts . . . 

Michigan 

Minnesota 


Miaeiaaippi 

Miaaonrl 

Montana 

Mebraaka 

Kevada 

Kew  Hampabire 

Kew  Jeney 

KewMezloo 

New  York 

Kortb  Carolina.. 
Forth  Dakoto... 

Ohio 

Oregon 

PennayWania . . . 
Rhode  Island  ... 
South  Carolina. . 
Sooth  Dakota... 


Texaa 

Utah 

Vermont 

Virginia 

Waabington , 

WeatVbginia 

Wiaconsin 

Wyoming 

GoId«,h:  Manitoba 

Applieaata  in  Alabama 

Arkanaaa 

Connecticut , 

Delaware 

District  of  Colombia. 

Florida 

Oeorgia 

Idaho 

Illinois 

Indiana 

Indian  Territory 

Xowa.....,». < 


Fry. 


Adults  and 
yearlinga. 


500 
600 

1,746 
900 

1,686 

60 

80 

40 

2,100 

70 

800 

800 

70 

400 

80 


200 

80 
210 

80 
100 
200 
060 
200 
405 
180 
002 

60 
130 
190 
966 
210 
112 

70 
204 

40 

lio 

640 

140 

190 

600 

80 

20 

20 

64 

90 

330 

870 

230 

670 

10 

719 

10 

60 

80 

676 

200 

900 

610 

220 

90 

240 

110 

010 

100 


1. 


3, 


1, 
I, 

7. 


305 

6 

12 

168 

6,460 

100 

607 

6 

1.308 

138 

6 
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74  BEPOBT  OF  COHmttlOMSB  QF  FI8H  AND   FI6H£BIBfi. 

There  were  received  from  Max  von  dem  Borne,  in  January,  1890 
50,000  eggs  of  the  Alpine  variety  of  the  You  Behr  trout  and  20,00( 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  whicl 
had  been  obtained  frmn  Seeweiaeu  In  April  of  the  same  year  10  larg 
golden  tench  were  also  received  from  hinu 

About  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  b; 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fischerei  Y^reii 
and  10,000  by  Herr  Carl  ):)chu8ter.  Of  these  about  56,000  proved  to  b 
in  good  condition.  In  the  following  winter  there  were  also  receive 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,00 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  b: 
this  sdt*iety  in  February  and  Mareh  were  an  entire  loss. 

Chreat  Britain. — ^To  the  Midland  Oounties  Fish  Culture  Establishmeo 
the  following  shipments  were  made:  In  the  winter  of  1889-90,  15,00 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sa] 
mon  eggs;  in  the  winter  of  1890-91  200,000  whit^lsh  eggs  and  15,00 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brightoi 
Aquarium. 

Mexico. — In  response  to  an  application  from  the  Mexican  Oovemmenl 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Gh&zari  in  January 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,00 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — ^Twenty-five  thousand  eggs  of  the  California  salmon  wen 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swisi 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  U 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891,  b} 
a  shipment  of  40,000  more. 

Marshall  MoDonalb, 

Commissioner. 


BEPOfiT  OF  COMMIBSIONBR  OF  FISH  AlfD  FISHBBIE8.         75 

A.— Dvtoifo  €fdi9h'^mWm,  1839^90, 


Species  and  dispeeition. 

Bgga. 

Fry. 

Adolta  and 
yearlings. 

Catflth: 

Indian CfMk, New  Albuiy.  Iiid«**«*>«**«a«««««**«'<.«**.>... 
surer  Craek,  New  AlbaBy.  Ind 

500 
600 

^nrainofi  River,  TVw*-»tlir,  Til ,-- -r   ,r-r 

1  745 

Pbtaqna  Lake^  McHenry,  Hi -. 

900 

Fox  Lake  MoHenry,  111 

1,585 

bnre,Ill .. 

Citf  BMerroir.  Belleville.  Ill 

TflaitdUk«  Wftterloovlll     . 

•••*■•••••■• 

50 

SchoorLake,  Waterloa  111 

60 

MiUpondKadBod/lli  ...~. ..[. 

40 

Cr^v^  C«nr  Tiftke.  Creve  CflMir.  Mo .  ^  ^ 

2,100 
70 

KchoLakfl,  Kaimae  City,  Mo 

Pond.  Little  Blue,  Mo 

800 

Independenoe,  Mo 

800 

Sddien'  Home,  LeaveBworth.  Kane 

70 

aiUey  r^«,  Omcordie.  Kane '.   

400 

ChappawMiiMee  Creek,  Qiuuitico.  Ya 

"--  — ...  — 
............ 

80 

Carp: 

Appl<«int«  in  Alabama 

200 

Ariaona 

80 

210 

Califomia 

80 

Colorado 

100 

Conneotlont 

200 

Delaware 

060 

Florida 

200 

GeoTiria - 

405 

Idaho 

180 

1.002 

Indian  Territory 

50 

Indiana .1 

130 

Iowa 

100 

KanMa 

966 

Kentaeky 

210 

112 

Maine 

70 

if^ryland... , 

204 

Maaaaohnaetts 

40 

Michigan 

160 

MinnMota 

1.640 

Miaaiaaippi 

1 

140 

Miaaoiui 

100 

500 

Kebraaka 

80 

Kevada  

20 

Vew  Hampahire .  . 

20 

Kew  Jefiay 

64 

VewMezloo 

00 

New  York 

330 

Worth  Carolina 

•"•'r 

870 

North  Dakota 

230 

Ohio 

570 

Orej^n 

10 

PenmyWania 

3.719 

Rhode'Ialand - 

10 

Ronth  c^vollna    ... 

60 

80 

Tenneaaee 

575 

Texaa  ... ...    ... 

200 

Utah 

1,900 

Vermont 

610 

Virginia 

1,220 

WaahCnirtAii 

90 

Weat  V&ginia 

240 

Wiaeonain 

110 

Wyominc 

7,016 

n.,^                  Manitoba 

100 

uolditob:                                         

395 

Arkanaaa ...... 

6 

12 

Delaware 

168 

0,450 

Florida .            ..... 

100 

507 

TH»liA     .    .,. 

6 

niinoia 

1,308 

138 

6 

Xowa... •••#... • • 
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74  BEPOBT  OF  COMMIMIONEB  QF  FISH  AND   FI8H£BIE8. 

There  were  received  from  Max  von  dem  Borne,  in  January,  L£80, 
50,000  eggs  of  the  Alpine  variety  of  the  You  Behr  trout  and  2(^,000 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  wtmicli 
had  been  obtained  from  Seeweiae.  In  April  of  the  same  year  10  lsarg« 
golden  tench  were  also  received  from  him. 

About  the  middle  of  February  70,000  Yon  Behr  tivut  eggs  arrived  bj 
the  steamer  Alter j  60,000  being  given  by  the  Deutsche  Fischerei  Yerel^ 
and  10,000  by  Herr  Carl  Hchuster.  Of  these  about  56^000  proved  to  b^ 
in  good  condition.  In  the  following  winter  there  were  also  reoeivo^ 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,00" 
were  in  good  condition. 

The  300,000  whiteflsh  eggs  and  30,000  Yon  Behr  trout  ^gs  sent  b^ 
this  sdbiety  in  February  and  March  were  an  entire  loss. 

Oreat  Britaiin. — ^To  the  Midland  Counties  Fish  Culture  Establishment:^ 
the  following  shipments  were  made :  In  the  winter  of  1880-90,  15,00(^ 
rainbow  trout  eggs,  200,000  whiteflsh  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whiteflsh  eggs  and  15,00(» 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  inches  long,  were  sent  to  the  Brightoim 
Aquarium. 

Mexico, — In  response  to  an  application  from  the  Mexican  Oovemm^t^ 
50,000  lake  trout  eggs  were  sent  to  Seiior  Esteban  Ch&zari  in  January^^ 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,0^0 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  weT"^ 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  Claparede,  the  Swii'^ 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent 
Switzerland  in  January,  1890;  these  were  followed  in  January,  1891^ 
a  shipment  of  40,000  more. 

MABSHAIiL  MoDONALD, 

Commissioner. 


JffiPOBT  0>F  OOaOOSSlOlfER  OF  FISH  AlTD  FISHBBIE8. 


75 


■ 

aiy: 

la 

A.*-l>eMfo  </  iIif4rift«^o«,  1889^-90. 

Species  and  dispoeition. 

Bggs. 

Fry. 

Adults  and 
yearlings. 

Indian  Croek*  Hew  Albany tliid> •••••••••••  ••»«*a-«-><M.*«.*». 

Silver  Creek,  Kew  Albiiay.  Ind 



600 
600 

SttniFanion  RWer.  Deoatur.  Ill 

!     " 

1. 746 

Piatan na  I«ak«k  Mc Henrv,  111 

900 

fox  Lake  McHenry.Ill 

1,585 

Pond  of  GhioaKO,  BurlingtoB  and  Qolncy  Railroad,  Galea- 

barer,  lU^ _.^ ^ 

City  Reacrvoir.  Belleville,  111 

Tfilnnd  I.akf^.  Waterlim.  Ill 

50 

S^boor  liiike.  Wa*«*)oA,  III r -r. 

SO 

lftillpond«RedBad.Ill' 

40 

Creve  Conir  Ijake.  Ctfrve  Cwur,  Mo 

2.100 

fSrho  T<ake,  Kannaa  (Tlty,  Mo 

79 

Pond  Litti«  Bin*.  Mo  .". ! 

800 

TndnMwdefice,  Mo ,r».,.r-.r. ,, 

800 

SAlf*i(}ni*  nomet Leavenworth.  Kana .^....,w....T-..-.^-r,,,T,^- 

79 

Sibley  Lake,  Coocordia.  Kana 

400 

cnunynawaiuiaee  Creek.  Quantioo.  Va  ...••• ....••..*•... 

80 

Avolicanta  in  Alabama 

260 

Arisona -- 



80 

Arkanaaa ....,...-. 

........  ... 

210 

Oalifonata ,..,..  ..r.r r -  -  - 

80 

Colorado 

100 

Conneoticot. 

200 

Delavrare 

860 

200 

OeoTiiia 

495 

L                                    Idaho  

180 

\                                  Illinois 

1.803 

1                                   Indian  Territorv 

50 

1                                    Indianft '. 

130 

Iowa 

190 

Kan^m 

906 

1                                    Keatneky 

210 

liOQisiana. 

113 

Main^ 

70 

Mttfjland     . ,     . 

204 

f                                   Masaaohnsetta 

40 

Michigan 

160 

Mlnneaoto 

1,640 

I                                   Miasiaaippi 

1 

140 

f|                                  Misaonri:. 

190 

1                                  Montana 

500 

1                                   Mebraaka 

80 

1                                   Kevada 

20 

1                                  Few  Hampshire 

30 

Hew  Jereey 

64 

Hew  Mexico . . .  x 

90 

Kew  York 

330 

ITnrth  r^km^ns     -,-.--.-,.,                              

'""r 

370 

Korth  Dakota 

280 

Ohio 

670 

Oregon 

10 

PenntyWania .....  .  . 

3,719 

Rhode  Island -. 

10 

Soath  Carolina 

60 

8onth  Dakota 

80 

Tenneasee 

675 

Texas  

200 

Utah 

1,900 

Vermont 

610 

Yirginin 

1,220 

Wju^lllngtAn ,   , 

90 

West  V&ginia 

240 

Wisconsin 

110 

Wyoming 

7,016 

rvuA                  Manitoba ...    .. 

100 

UOMflali.                   -iiiwr.*- 

-^Ppliei&ta  in  Alabama 

395 

Arkansas .... 

6 

OnniinAtfcat 

12 

Delaware 

168 

Diatrictof  Columbia 

6,450 

Florida 

100 

Oeonria.. 

507 

Td»l»S   

6 

TllfnAlf           ..      

1,808 

138 

Indian  Territory .... 

6 

Iowa. r , 

343 

74  BEPOBT  OF  COMMIMIONEB  QF  FISH  AND   FI8HEBIE& 

There  were  received  from  Max  von  dem  Borne,  in  January,  188^!' 
50,000  egg^  of  the  Alpine  variety  of  the  You  Behr  trout  and  20,00"^ 
saibling  eggs,  and  in  March  15,000  eggs  of  the  Loch  Leven  trout  wbic^^ 
had  been  obtained  from  Seeweiae.  In  April  of  the  same  year  10  larg^^ 
golden  tench  were  also  received  from  him. 

About  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  by 
the  steamer  Alter ^  60,000  being  given  by  the  Deutsche  Fisoherei  Yerem 
and  10,000  by  Herr  Carl  Hchuster.  Of  these  about  56,000  proved  to  be 
in  good  condition.  In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout^  of  which  60,000 
were  in  good  condition. 

The  300,000  whiteflsh  eggs  and  30,000  Yon  Behr  trout  eggs  sent  by 
this  sdbiety  in  February  and  March  were  an  entire  loss. 

Oreat  Britain, — ^To  the  Midland  Oounties  Fish  Culture  Establishment 
the  following  shipments  were  made:  In  the  winter  of  1880-90,  15,000 
rainbow  trout  eggs,  200,000  whiteflsh  eggs,  and  15,000  landlocked  sal- 
mon eggs;  in  the  winter  of  1890-91  200,000  whiteflsh  eggs  and  15,000 
rainbow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  incheslong,  were  sent  to  the  Brighton 
Aquarium. 

Mexico, — In  response  to  an  application  frt>m  the  Mexican  Oovemm^t, 
50,000  lake  trout  eggs  were  sent  to  Seiior  Esteban  Ch&zari  in  January, 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,000 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway, — Twenty-five  thousand  egg^  of  the  California  salmon  were 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Stpitzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890 ;  these  were  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

MABSHAIiL  MoDONALD, 

Commissioner. 
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A.*-l>eMfo  ofdiHrHmtum,  1889^-90. 


Species  and  di8poeiti<Hi. 


ndian  Creek«  New  Albany,  Ind •«.««..^. 

ilrer  Creek,  New  Albeay,  Ind 

ADgamou  RWer,  Deoatur,  111 

"Jataqoa  Lake^  McHenry,  111 

"ox  Lake.  MoHenry >  111 

'ond  of  GhioaKO,  JSarliiigton  and  Quincy  Railroad,  Galea- 

bar&r.Ill 

Mty  Reeervoir.  Belleville,  HI 

0lnnd  Lake,  Waterloo,Ill 

tfsboorLake,  Waterloo,  HI 

ftiUpottd,RedBQd,Ill 

Trere  CfBur  Lake,  Creve  Cceur,  Mo 

Scbo  Lake,  Kansas  City,  Mo 

'^ond.UttleBlae,Mo 

Independence.  Mo 

^roldlera*  Home,  Lea venwortk,  Kana 

^ibley  Lake,  Coocordia.  Kans 

C^kappawaimsee  Creek.  QoMitico,  Va 


Fry. 


Adults  and 
yearlings. 


Afplicanta  in  Alabama. 
Arizona.. 


Arkansas 

Califo-nia 

Colorado 

Conneoticot 

Delatrare 

Florida 

Georgia 

Idabo 

Illinois 

Indian  Territory. 

Indiana 

Iowa 

Kansas 

Kentucky 

Iiooisiana 

Maine 

Maryland 

Massaohnsette . . . 

Micbigan 

Minneaota 

Mississippi 

Missoon 

Montana 

Mebraaka 

Kevada  

Hew  Hampabire . 

New  Jersey 

Kew  Mexico 

KewYork 

Korth  Carolina. . . 
Korth  Dakota. . . . 

Obio 

Oregon 

PennsyWanla 

Rbode Island  .... 
Soatb  Carolina... 
Bontb  Dakota.... 

Tennessee 

Texas 

Utab 

Vermont , 

Virginin 

Wasbington 

WestV&ginia... 

Wisconsin 

Wyoming , 

Manitoba 


^P'pUesnts  in  Alabama 


Arkansas 

Connecticut 

Delaware 

Diatrtet  of  Columbia. 

Florida 

Georgia 

Idabo 

Illinois 

Indiana 

Indian  Territory 

l/ffrtk, • < 


600 
600 

1,745 
900 

1,585 

205 
50 
SO 
40 
2.100 
70 

800 

800 
79 

400 
80 


260 

80 

210 

80 

100 

200 

660 

200 

485 

180 

603 

SO 

130 

100 

966 

210 

113 

70 

204 

40 

160 

640 

140 

100 

500 

80 

20 

90 

54 

90 

880 

370 

280 

570 

10 

719 

10 

60 

80 

575 

200 

900 

610 

220 

90 

240 

110 

016 

100 


1, 


3, 


1, 
I, 

7. 


305 

6 

12 

168 

6,450 

100 

507 

6 

1,808 

138 

6 

242 


76 
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X.— Details  of  ditlHfmtUm,  i^dnm^— Continued. 


Species  and  dispotition. 


OoMflsli— Continued. 

A ppllcanto  i  ii  Kansas 

Kentucky 

Loaifliana 

Maryland 

Massachaaetta 

Michigan 

Minnetiota 

Miaaonri 

Miaaiaaippi 

Montana 

Kebraaka 

Kew  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

Ohio 

Oregon 

Pennsylvania 

Rhode  laland 

South  Carolina 

Tennessee 

Texaa 

Utah 

Yermont 

Virginia 

"West  Virginia 

Wiaoonsin 

Wyoming 

BnlEUo: 

Indian  Creek,  New  Albany,  Ind 

Silver  Creek,  New  Albany,  Ind 

Sangamon  River,  Decatar,  111 

Fonda  of  Chicago,  Burlington  andQuinoy  Railroad  Company, 

Oalesburg,  111 

City  reservoir,  Belleville,  111 

Creve  CoBur  Lake,  Creve  CoBur,  Mo 

Private  pond,  Froat,  Tex 

Athens,  Tex 

Shad: 

Scantlo  River,  Sun  Mill,  Conn 

Farmington  River,  Poq  nan  tic.  Conn 

Connecticut  River,  Windaor  Locks,  Conn 

Holyoke.  Mass 

Delaware  River,  Gloucester,  N.  J 

Connecticut  River,  Warehouse  Point,  Conn 

Honsatonio  River,  New  Milford.  Conn 

Hudson  River,  West  Point,  N.  7 

Newburg.N.  r 

Catekill,lJ.Y 

Delaware  River,  Call  Icoon,  N .  Y 

Lambertville,N.J 

Lackawaxen,  Pa 

Gloncoater,  N.  J 

Delaware  Water  Gap,  Pa 

Mnllica  River,  Elwood,  N.J 

U.  S.  Fish  Commission  atation,  Gloucester,  N.  J 

Harvard  University 

U.  S.  Fish  Commission,  Central  Station,  Washington,  D.  C . . 

Patuxent  River,  Laurel,  Md 

Patopsco  River,  Relay  SUtion.  Md 

U.  S.  Fish  Ponds.  Washington,  D.  C 

Potomac  Ri ver,  Wide  Water,  Va 

Quantico  Creek,  Qnantico^'a 

Kapidan,  Kapidan  River,  Va 

M at taponi  River,  Milford,  Va 

Little  River,  Taylorsville,  Va 

Rivanna  River,  Charlottesville,  Va 

Appomattox  River,  Petersburg.  Va 

Rappahannock  River,  Fredericksburg,  Va 

Occoquan  Creek,  Woodbridge,  Va 

Cedar  Run,  Cat  letts,  Va 

Stony  Creek,  Stonv  Croek^a 

Meherrin  River,  Mfleld,  va 


Kgga. 


Fry. 


Adults 
yearlix^ 


d 


(3,664,000) 
15,000 
a(i4,ii0,000) 


15^000 

411,000 

107,000 

35,000 

e.  204. 000 

4,026,000 

2,254,000 

2,610,000 

375,000 

1,052,000 

3,557,000 

3,272,000 

500,000 

521,000 

799,000 

500,000 


356,000 

1,500.000 

1.518.000 

5(2, 144. 000) 

720.000 

1,180,000 

1,207,000 

2,470,000 

900,000 

500,000 

326,000 

1.162,000 

506.000 

471,000 

1.000,000 

1,439,000 


67 

49 

216 

593 

90 

78 

284 

124 

146 

4 

lis 

13 
fiM 

22 

1,372 

IM 

135 

IB 
776 
400 
280 
332 

48 

324 

6 

88 

60 
75 

50 

60 

1. 010 

450 
300 
85 
100 
ISO 


/ 


a  Distributed  as  fry  from  Central  Station. 

b  Deposited  for  rearing  and  distribution  in  fall  of  1890. 
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Aa—DetaiU  of  dUtri^tUm,  ISSB^^O^-Contbm^, 


Bpecien  and  dispMitioD. 


Eggs. 


ined. 

rer,  Goldtboro,  N.  C 

nkRlTer.SliMbetb^K.C 

I,  CUDtoii,N.C 

eCreek«  Blaoluhear,  Oa 

ochee  River.  Quitman,  Ga 

ee  River,  TnomasTlUe,  6a 

ooheeRirer,  West  Point,  Oa 

River,  Montgomery,  Ala 

i  River,  Flomaton,  Ala 

M  Kiver,  DemopoUa,  Ala 

River.  Eaat  Taimton,  Mau 

iiver,  Kewbnrc,  N.  Y 

Mk,  Bover,  Del 

jina  River,  Havre  de  Grace,  Md 

mna  River,  FiteaEddy,  Fa 

vrjBoah  Station,  Md 

r,  RIkton,  Md 

ler  River,  Gunpowder  Station,  Md 

•I  River.  Narth-Eaat,  Md 

ver,  Rienmond,  Ya 

I  River,  Angnata,  Ga 

>  River,  Macon,  Ga 

River,  Midville,  Ga 

'er,  Reynolds,  Ga 

bewater  Creek,  Bntler,  Ga I 

»  Fiah  Commisdon 2,248,000 

ion. 

ft  Fiah  Commiaaion 1,820,000 

rationale  d'AocIimatioiL  Paris,  France 100, 000 

1.  Archur,  Stavanger,  Norway 2S,  000 

ti  Commiasion  Station,  Fort  Gaston,  Cal a  (100,  000) 

River,  near  Baird,  CaI 

tiver,  near  Fort  Gaston,  Cal 

fsh  Commission 1,000,000 

IS  River  and  tribatarlea 

tion  tSalmo  §aiar) : 

ipahire  Fiah  Commiasion 40, 000 

land  Fiah  Commission 10,000 

ania  Fiah  Commiasion 100,000 

,  Lincoln,  Dennysville,  Me 40, 000 

1  Commiasion  Station.  Cold  Spring  Harbor b  (600, 000) 

I  Commission  Station,  Fort  Gaston.  Cal (100, 000) 

lok  Lake,  Mbntary  to  Penobscot  River,  Maine 

lok,  tribatary  to  Alamooeook  Lake,  Maine 

Brook,  Uibutary  to  Alamooeook  Lake,  Maine 

vok,  tribatary  to  Alamooeook  Lake,  Maine 

I  Brook,  tribatary  to  Alamoosook  Lake,  Maine 

Dok,  tribatary  to  Alamooeook  Lake,  Maine 

md,  tribatary  to  Alamoosook  Lake,  Maine 

rook,  tribatary  to  Toddy  Pond,  Maine 

I  Brook,  tribatary  to  Toady  Pond,  Maine 

rook,  tribatary  to  Toddy  Fond,  Maine 

ad,  tribatary  to  Toddy  Fond,  Maine 

M>k.  tribatary  to  Today  Pond,  Maine — 

Brook,  tribatary  of  Hudson  River,  New  York 

rilead  Brook,  tribntary  of  Hndson  River,  New  York 

>k,  tribatary  of  Hudsoo  River,  New  York 

ii  Brook,  tnbotary  of  Hudson  River,  New  York . . 

Brool^  tributary  of  Hudson  River,  New  York 

Ik,  tributary  of  Hndson  River,  New  York 

Brook,  tributary  of  Hudson  River,  New  York 

Brook,  tributary  of  Hudson  River,  New  York 

Brook,  tiibuta^  of  Hudson  River,  New  York 

EUver,  tributary  of  Hudson  River,  New  York 

ige  River,  tribatary  of  Long  Island  Sound 

Salmon: 

ih  Commiasion 50, 000 

inahireFiab  Commission 20,000 

Fiah  C<nnmis8ion 25,000 

and  Fish  Commiaaion 10.000 

c  Fish  Commission IS.OUO 

iaii  Coauniaaion 10,000 

Fiah  Ooamiasion 50,000 

kFtahOonmisaieB 40,000 

fah  Coamiission 25,000 

ill,  Rincwood.  N  J 10,000 

ooker,  fe^tttahew^  Vt 25.000 

Fiah  and  Game  Club,  New  York 10,000 

BataTi  Sehnaldow.  Germany 40.000 

ADiatribnted  aa  try  from  Fort  Gaston  Station. 

5  JhttrOmted  aa  tty  ihxm  KkHA  Spring  Harbor  Station. 


Fry. 


Adults  and 
yearlings. 


1,328,000 

1,042,000 

4B7,0U0 

388,000 

660,000 

650,000 

900,000 

1,200,000 

400,00(1 

400,000 

1,505.000 

1,420,000 

500,000 

1,256,000 

965,000 

850.000 

1,317.000 

1,600.000 

1,700,000 

200,000 

2,000,000 

2,565,000 

1,000,000 

000,000 

1,000.000 


84,000 
90,000 


2,766,475 


40,700 
49,800 
49,500 
49,750 
49,800 
49,400 
49,760 
49.600 
49,500 
26,350 
80,000 


23,884 

21,056 

12. 511 

1,802 

8,765 

1,738 

5,642 

959 

8,784 

3,630 

4,166 

3,449 
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fiSPOBT  OF  COIOCISSIONSB  OF  FfiSH  AND  FIBfiSBIBS. 


A.— D«te<2«  of  SMHbuUon,  J»fi9-^a-*€ontinaed. 


Species  and  dispoeitioii. 


Landlocked  Mlmffn — Oontlniied. 

Midland  CouniiiM'  Fiib  Coltnre  ABsociation,  If  nlrern  Wells, 
Bngland 

U.  S.  Fish  Gommiadon  SUtion,  Northville,  Mich 

FortGMton,  Cnl 

Bolath,  Minn 

Cold  Spring  Harlx>r,  K.  Y  . . 

WMhington,  D.  C 

Green  iJake.Me 

Bncksport,  Me , 

Grand  Lake  Stre«m,  tributary  to  Schoodio  River,  Maine 

XT.  S.  Fish  Comwisaion  Station,  Cold  Spnng  Harbor,  H.Y 

Great  and  Mann  brooks,  tributaxy  to  Green  Lake,  Maine 

Green  Lake,  tributary  to  Union  River,  Maine 

Eastern  River,  tribataxy  to  Penobaoot  River,  Maine 

Tribntariea  of  Lake  George  near  Caldwell,N.T 

Mianna  River  in  Westcbeater  Coonty ,  New  York 

Pleasant  l4ike  in  Sallivan  Connty,  New  York 

Silver  Lake  in  Sullivan  Coanty,  New  York , 

B.  P.  Thorn,  Plaintf eld.  N.  J , 

DeerCreek,]iear  Bel  Air,  Md 

HaselRim,  near  Frederiokabnrg,  Ya 

Loch  Leven  trout: 

Michigaa  Fiah  Commiaaion 

New  SampaUre  Flah  Commiaaion 

New  York  Fiah  Commiaaion 

U.S.J1i^CominisaioB  Station,  Fort  Gaston,  Cal 

Leadvllle,  Colo 

Craig  Brook.  Me 

Duluth,  Minn 

Pine  Lake,  near  LaPoriA,  Ind 

Madiaon  River,  Yellowatoiie  Park,  Wyo 

Caldwell  Creek,  near  Creaoo,  Iowa 

Light  Bpringa,  near  Creaco.  Iowa 

ColfazLake,  near  Hart,  Mich 

Star  Lake,  near  Baldwin,  Mich 

Crooked  Lake,  near  Baldwin,  Mich 

Eaall  Lake,  near  Alpena,  Mich 

Turtle  Lak e,  near  Alpena,  M  Icb 

Znkey  Lake,  near  Bjunburg  Junction,  Mich 

Indian  River,  Indian  River,  Mich 

U.  S.  Fish  Commisaioii  StaUon,  North  ville,  Mioh 

Rainbow  trout: 

Green  Lake,  near  Bedham,  Me 

Colorado  State  Fiah  Commission , 

New  Hampshire  State  Fish  Commission 

Henry  Stewart,  Walhalla,  S.  C 

The  Government  of  Switaerland 

Midland  Countiea  Fish  Culture  Establishment,    Malvern 
Wella.  England 

Carl  Shuster,  Freiburg,  Germany 

Ma|or  W.  Turner,  Florenville,  Belgium 

uTb.  Fish  Commission  Station,  Neosho,  Mo 

Mountain  Creek,  near  Carliale,  Pa 

Running  Mountain  Stream,  near  Carlisle,  Pa 

Yellow  Breeches  Creek,  near  MecUanicsbnrg,  Pa 

Trindles  Run,  near  Mechanicsburg,  Pa 

Hoglanda  Run,  near  Williamsport,  Pa 

East  Deti  Creek,  near  StewardHtown,  Pa 

Weat  Deer  Creek,  near  Stewardstown,  Pa 

Ebaugh  Greek,  near  Stewardstown,  Pa 

Bowman  Creek,  near  Stewardstown,  Pa 

Sutton  RniLnear  Stewardstown,  Pa 

Thompson  Run,  near  Stewardstown,  Pa 

FuUer  Brook,  near  Bradford,  Pa 

North  Branch,  near  Houtzdale,  Pa 

Officer  Ron,  near  Parkeraburg,  Pa 

Doe  Run,  near  Parkeraburg,  JPa 

Buck  Run,  near  Parkersbnrg.  Pa 

Dennis  Run,  near  Eroildoun,  Pa 

Dipping  Pond  Stream,  near  BrookiandviUe.  Md 

Staley  Creek,  near  Marion,  Y  a 

Wheat  and  Gunatock  Cieeks,  near  Liberty,  Va 

Clear  Fork  Creek,  near  Rocky  Gap.  Ya 

Peach  Bottom  Creek,  in  Grayson  County,  Ya 

Clinch  River,  near  TaaewellC.H.,Ya 

Elk  Creek,  near  North  Branch,  Ya 

Fox  Creek,  near  Sevan  Mile  Ford,  Ya 


Egga. 


Fry. 


16,000 

(30, 000) 

(30.000) 

a(00,00D) 

6(85,000) 

0(30, 000) 

d(00,000) 

(5,000) 


10,XX)0 


(30,000) 
(»,000) 

S.OOO) 
.000) 
(20,000) 
(20.000) 
(12,000) 


16,000 


20,000 

25,000 

8,000 

80,000 

15,000 

10,000 

25.000 

(25,000) 


!.•••«•    •«•»   •• 


214,000 


•«•«*■- 


150,000 


5.000 
20,000 
28,000 
28,OU0 

0.000 

17,080 

450 


a  Distributed  as  fry,  from  Diiluth  Statioa,  Minnesota. 
b  Distributed  as  try,  from  Cold  Spring  Harbor  Stotion,  New  Yetk. 
0  Distributed  bm  fry,  from  Central  Station,  Waahingtoa,  D.  C. 
d  Diftrttmted  aa  fry,  from  Green  hake  Station,  Maine. 


ft 


ie.en 

400 


5O0 
995 
750 
750 
6O0 

1.500 
4»4 

Jsoo 


7*7 


2,000 
800 

1,1« 
300 

1.600 

BOO 

BOO 

600 

BOO 

480 

1,000 

1,000 

1,000 

ISO 

115 

115 

800 

2,»»5 

1.000 

500 

»fi 
1,500 
1.000 
1,500 
1,480 
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A.— IMmU  ofdUMhmiUmy  1889-^90-'<)oniinwdd. 


Species  and  disposition. 


ront — Contiinied. 

Calf  Pasture  Kirer,  near  Goshsn,  Ya 

astnre RiTer,  nearOoshen,  Va 

oCreek,  near  Beverir  Fornace,  Va 

:reek,  nearWytlieyille,  Va 

ants  In  Virginia 

m  Fork  ofCatowba  River,  near  Old  Fork,  N.  C 

iialia RiTer,  near  Jarretts,  N.C 

River, near Westfield.  N.C 

Dg  Creek, near  Aslieville,  N.C 

»ege River,  near  Dillsboro,  K.C 

mU  in  North  Carolina 

fork  River,  near  Robbins,  Tenn 

Creek,  near  Bethel,  Tenn 

ants  in  Tennessee 

•  ManoiiMtarfng  Company's  Dam,  near  Baltimore,  MA. 

ants  in  Maryland 

'Dam  Creek,  near  Alexandria,  Va 

ranch,  near  AlexandrlaiVa 

nnters.  va 


It  Creek,  neiw  Hnnters, 

ants  in  Pennsylvania 

ish  Commission  Statloii,  Northville,  Mich 

ing  Fish  Commission 

I  Rivav'^«Uowstone  National  Park 

make  Cnek,  near  Petersbarg,  Ohio 

Fork  Creek,  near  Petersborc,  Ohio 

1  Creek,  near  Fetersboro,  Ohio 

eek,  near  Petersborg,  Onio 

ants  in  Ohio 

n  Creek,  near  Dover,  Del 

ind  Poplar  oreeka,  near  Rlgin,  111 

antsinlllinoia 

anoe  Ri  ver,  near  MontioeUo,  I nd 

reek,  near  Tndianapolis,  Ind 

River,  near  Indianapolis,  Ind 

rwine  Creek,  near  Snelbvville,  Ind 

ae  Riw,near  Shelbyviile,  Ind 

Bine  River,  near  Bhelbyville,  Ind 

Creek,  near  ShelbvviUe,  Ind 

ock  River,  near  BnelbyviHe,  Ind 

ock  River,  near  St  Paul,  Ind 

anta  in  Indiana 

»ranch  of  Catfish  Creek,  near  Peosta,Iowa , 

Branohf  near  Manohester^owa 

r  Creek,  near  Vanoebnrg.  Xy 

3  River,  near  Providence,  N.  J , 

Brook,  near Boottton,  K.J , 

rook,  near  Boonton,  N.  J 

branch^  Baritai>  River,  near Booaton,  N.J 

Ing River,  near  Boonton,  N.J 

iver.  near  Iron  River  Station.  ICich 

Brook,  near  ColumbiaviUe,  Mich 

Creek,  near  Oscoda,  Mich 

rook,  near  Lawton,  Mich , 

I  trench  of  Paw  Paw  River,  near  Paw  Paw,  Mioh 

Creek,  n«ar  Paw  Paw,  Mich 

rid/re  Creek,  near  Vanderbilt,  Mich 

tC^edc,  near  Wolverine,  Mioh 

ants  in  Michigan 

Lake,  near  Schenectady,  N.  Y 

snts  in  Massachusetts 

inake  Creek,  near  White  Mill«,  Pa 

trout: 

Branch,  near  Brooklandville,  Md 

nt  Fish  Commission 

isin  Pish  Commission 

ish  Commission  Station,  Neosho,  Mo 

Daluth,Minn 

Lspetuck  Creek,  near  New  Haven,  Conn 

n  Creek,  near  Dover.  Del 

uod  South  Branch  of  Bear  Creek,  near  Deeorah,  lewa 

n  Creek,  near  Creaoo,  Iowa , 

Creek,  near  Creeoo,  Iowa 

;  River,  near Providenoe, N.J 

1  Lake,  near  Reed  OUy,  Mioh 

anta  in  Michigan 

make  Creek,  near  White  Mills,  Pa 

ire  Fish  Commission 

Fish  Commfoilon 


12,600 


Fry. 


10,000 
M.OOO 

<S0,000) 
(«,00D) 


nritt,filngwood,K.J 

ish  Coromtasion  Station,  Duluth,  Minn, 
an  Fish  Commlasiim 


pshireFish  Cemmia^ioa 

ah  VoauaiaMk>a  Stmtion,  Cnig  Brook,  If e 


8,000 
fi.OOO 
6,000 

<WnO0O) 

16,000 

9,000 

(tt,000) 


Adults  and 
yearlings. 


2.000 

1,075 
400 
480 
576 
600 

1.000 
200 
500 

1.500 
750 
600 
250 

1,260 
450 

2,200 
350 
75 
250 
407 
157 


090 
100 
100 
200 
100 
518 
200 
490 
100 

1,000 
250 
250 
868 
8G8 
866 
868 
358 

1.800 
960 
600 
600 

1,000 
200 
150 
150 
100 
100 

1,800 
500 
500 
600 
500 
275 

1,500 

1,000 
750 
100 
250 
250 

237 


200 
200 

2,070 
250 
250 
200 
497 

1,275 
200 


: 
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REPORT  OF   COlimSSIONEB  OF  FISH  A2W  FISHERIES. 


A.-— Detotif  of  diatrihiUion,  188^9a-~ConiAuned. 


Species  iind  disposition. 


Black-spotted  troat: 

East  Fork  Gardiner  lUver,  Yellowstone  National  Park 

Brook  trout: 

Meadow  Brook,  near  Orland,  Me 

Craig  Brook,  near  Orland,  Me 

Pine  Creek,  near  Felton.  ra 

Paris  G.  Engle,  Hancock,  Pa 

A.B-Hayward,  Washington,  D.  C 

Clinch  River,  near  Tasewell,  Va 

Egypt  Branch,  near  Brooklandville,  Md 

E.  F.  Warner,  St.  Paul,  Minn 

Bellevae  Trout  Club,  Castalia,  Ohio .' 

Henry  E.  Maynard,  Northampton,  Mass 

Dr.  E.  S.  Bowen,  Brattleboro,  y t 

Charles  F.  Orvis,  Manchester,  Vt 

Baptism  Biver  Club,  St.  Paul,  Minn 

S.  Holmes,  Stroudsburg,  Pa 

Denteche  Fisoherei  Verein,  Germany 

17.  S.  F.  C.  Station,  Xeosho.  Mo 

LeadTille,  Colo 

Central  Station,  Washington,  D.  C 

Bloody  Run,  near  Dubuque  Iowa 

Spring  Creek,near  Deconh,  Iowa 

vemon  Springs,  near  Cresco,  Iowa 

Trout  Stream  on  Islaud  of  Marthas  Yineyard 

Gardiner  River,  Yellowstone  National  Park 

Spring  Brook,  near  Oxford,  Mich 

Applicants  in  Michigan 

New  Jersey , 

Baptism  River,  tributary  to  Lake  Superior  in  Minnesota. . . . 

Lester  River,  tributary  to  Lake  Superior  in  Minnesota 

U.  S.  Fish  Commission  Station.  Fort  Gaston.  Cal 

Northville,  Mich 

Dr.  John  Law,  Leadville,  Colo 

Lake  trout: 

Pleasant  Lake,  Sullivan  County,  N.  Y 

Sackett  Lake,  Sullivan  County.  N.  Y 

Oti^ego  Lake,  Otsego  County,  N.  Y 

Lake  in  Westchester  County,  N.  Y 

Wyoming  Fish  Commission 

New  Hampshire  Fish  Commission 

Vermont  Fish  Commission 

Minnesota  Fish  Commission 

Nebraska  Fish  Commission 

E.  CbAzari,  City  of  Mexico,  for  Republic  of  Mexico 

U.  S.  Fish  Commission  Station,  Neoeho,  Mo 

Cold  Spring  Harbor,  N.  Y. . . 
Dulutb,  Minn 

Pine  Lake,  near  La  Porte,  Ind 

^der.  Green,  and  Otter  Lakes,  near  Fremont,  Ind 

Lake  near  Richmond,  Ind 

Lake  Maxinkackee,  near  Indianapolis,  Ind , 

Applicants  in  Indiana 

Zuke y  Lake,  near  Ann  Arbor,  Mich 

Applicants  in  Michigan 

Stoney  Creek,  near  Hunter  Land,  N.  Y 

New  York  Fish  Commission , 

Applicants  in  Connecticut 

Lake  Superior,  off  month  of  Lester  River,  Minn 

Saibiing: 

New  Hampshire  Fish  Commission 

New  York  Fish  Commission 

U.  S.  Fish  Commission  Station.  Craig  Brook,  Me 

Whiteflsh: 

Lake  Ontario, near  Sacketts  Harlxw.N.  Y 

Black  River  Bay, near  Sacketts  Harbor,N.  Y 

Cbaumont  Bay.  near  Chanmont,  N.  Y 

Detroit  River,  near  Detroit,  Mich 

Pennsylvania  Fish  Commission , 

Wisconsin  Fish  Commission 

U.  S.  Fish  Commission,  Central  Station,  Washington,  D.  C . . . 

Lake  Erie,  near  North,  ^(iddleBass,  and  Put-in  Bay  Islands  . 

Lake  Erie,  near  Monroe,  Mich , 

Indiana  Fish  Commission 

Delaware  Fish  Commission 

New  York  Fish  Commission 

Indiana  Fish  Cnmmis«ion 

Midland  Counties  Fish  Cnltore  Establishment,  Malvern 
Wells,  England 

U,  S.  Fish  Commission  station,  Dnlnth,  Minn 


Eggs. 


40,000 

20,000 

25,000 

25,000 

15,000 

80,000 

2,500 

20,000 

(25,000) 

(25,000) 

4(37, 500) 


60,000 
25,000 


200.000 
50.000 
325.000 
250,000 
200,000 
50,000 
(25,000) 
5(500,000) 
0(1,000,000) 


1,000,000 

1,000,000 

10,000 

200,000 
0(26,260,000) 

a  Distributed  as  firy  from  C«itral  Station. 

b  Distributed  as  fry  from  Cold  Spring  Harbor  Station. 

e  Viatrihuttd,  at  fry  from  Dnlutn  Stwlom. 


4,000 

4,000 

(4,000) 


10,000.000 
6,000,000 
a(6,000,000) 


Fry. 


23,000 
5,000 
2,500 


10,000 


27,000 
1,000 


126,881 

265,000 

105.000 

50.000 

50,000 


935,000 


1.800,000 

1,000.000 

1,000,000 

500,000 


250 

77? 


IM 


500 

too 

4.97S 
100 
500 
500 


-500 

:J,082 


...--••" 

27,084,000 

2,544,000 

100,000 

....  - --*" 
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.-^DetaiU  of  dUirihuiion,  i^9-^0— Continued. 


ies  uid  diiposiiion. 


rth  Poliit,  Mich 

ith  Point,  Miob 

Shar  IsUmd,  Mioh 
Ue  Island,  Mich 

under  Bay  laland,  Mich 

itTawaSfMicb 

tier  Point  Mioh 

irseon  Point»  Mich 

«£in«o  Island,  Mich 

Epoufette,  Mioh 

Scott  Point,  Mich 

Manistiquew  Mich 

Thompson,  Mich 

ma,  Mich 

intmorency,  Mich 

Isle  County.  Mich 

Hay  PointMich 

nth  of  Lester  Kiver,  near  Dulath.  Minn. 

eUowstone  National  Park , 

•tone  National  Park 


E«g»- 


atur,Ill. 


Washington,  B.  C 
tnd 


bBock,Ind 

eKidgcInd '. 

>yYillB,Ind 

V  Crossing,  Ind 

Urland,  Ind 

>n,Ind 

Iverside.  Ill 

ind  Qnincy  Railroad  Company's  ponds. 


O.IU.. 
loo.  Ill 
01 


ath,lll 

mb,Ill 

urdolphflli 

,LottisTiIle,Ill. 

Ield.lll 

Baylor  Springs,  HI 

oaa  Company^s  ponds,  Clinton,  m. 
ni 


ikakee,Ill 

eoir,  Jacksonville.  HI 

Inm  reserroir,  Jacksonville,  HI. 

'4nipin,Ill 

acoiipin,  HI 

i,IU 


Fry. 


2, 
2, 
1, 
2, 
3, 
2, 
3, 
3, 
3, 
1, 
1. 
1. 
1, 
2, 

1. 

3, 
24, 


000,000 
000,000 
400,000 
000.000 
000. 0(K) 
000,000 
000,000 
000,000 
000,000 
500,000 
500,000 
500,000 
500,000 
000,(100 
000,000 
200,000 
000,000 
850,000 


704,000 
50,000 


!ity,Mo 

ensburg.  Mo 

Bine,  Mo 

ndence.  Mo . 
Mo 


^Mo 

id,  Moberly,  Mo 

ne,  Leavenworth,  Kaus. 

ia,Kans 

reneva.  Wis 

K>,  Iowa 

City,  Iowa 

lanias,  Iowa 

oKak,  Iowa 

Nebr. 


k,Nebr 

n  River,  Norfolk,  Nebr.. 
m  River,  Stuart,  Nebr.. 
Kinds,  South  Bend,  Nebr 

Ls,Mont 

CiAon,  Mont 

L  Mont 

Tex 


a,  Tex 

'inslow.  Ark . 
ig  Green,  Kj. 
uverton,  Va.. 

3 6 


Adults  and 
yearlings. 


1.000 
2,000 

70 


50 

25 

60 

60 

100 

100 

995 

500 
500 
500 
100 
150 
500 

50 
480 
400 
HUO 
200 
250 
900 
300 
150 
150 
200 

60 
118 
760 
345 
350 
200 
350 
200 
119 
575 
1,020 
200 
200 
300 
100 
240 
250 
175 
175 
300 
910 
200 

60 
500 
400 
400 
100 
325 
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REPOBT  OF  COMMISSIONER  OF   FISH  AND  FISHERIES. 


X.—DeiaiU  ^fai»iribmH9n,  2«89^90— ContiiMied. 


Spociee  and  dlaposltion. 


Pike  percll : 

Pea  nAvlvaDia  Fish  Commiasion 

New  l^ork  Fish  Commiaaion 

White  Kiver.  Dear  Noblearille,  Ind 

Tributaries  of  White  Birer,  near  Shelbyville,  Ind 

Flat  Rock  Creek,  near  St  Paul,  Ind 

Turkey  Lake,  near  Cedar  Beaoh.  Ind 

Flint  Lake,  near  Valparaiao,  Ind 

Long  Lake,  near  Valparaiso,  Ind 

Indiana  FiHh  OommiMion 

Twin  I^keA.  near  KurlviUe,  Ohio 

Cnyahoga  River,  near  Kavenna,  Ohio 

Mahoning  River,  near  Warren,  Ohio 

Embarras  River,  near  Charleston,  111 

Sangamon  Kiver,  near  Virginia,  XU 

near  Petersburg,  111 

Spring  Lake,  near  Pekin,  HI 

Mackinac  River,  near  Pekin,  111 

Kankakee  River,  near  Kankakee,  111 

Chicago,  Burlington  and  Qoincy  Kailroad  Company's  ponds 

City  reservoir,  BellevillalU 

Lester  River,  Buluth,  Minn 

Sea  bass: 

BnzsardsBay,  off  Maasachnaetta  coast 

White  baMS: 

Indian  Creek,  Kew  Albany,  Ind 

Silver  Creek,  New  Albany,  Ind 

Flat  Rock  River,  Flat  Rock,  Ind 

Blue  Ridge,  Ind *. 

Big  Blue  River,  Shelbyville.  Ind 

Comas  Creek,  Waldron,  Ind 

Sangamon  River,  Riverton,  HI 

Chicago,  Burlington  and  Qoincy  R.  R.  Co.  ponds,  Galeaburg,  HI 

City  reservoir,  Belleville,  111 

Kipple  Creek,  Plymouth,  HI 

Crooked  Creek,  Macomb,  111 < 

Bigger  Head  Lake,  Bardolph,  HI 

LilUe  Wabash  Rirer,  LouNvillo,  111 

City  reservoir,  Litchfield,  111 

Saylor  Springs  Lake,  Say  lor  Springs,  HI 

Wabash  Kai&oad  Compiuiy'a  ponds,  Lanesville,  111 

James  River,  Nichols,  Mo 

City  water- works  pond,  Moberly,  Mo 

Sibley  Lake,  Concordia,  Kans 

Lake  Geneva,  Lake  Geneva,  Wia 

Cedar  River,  Waterloo,  Iowa 

Charles  City,  Iowa 

Cedar  Rapias,  Iowa 

Private  pond.  Frost,  Tex 

Private  pond,  Athens,  Tex 

Jones  Fork  River,  Winslow,  Ark 

Fresh-water  drum : 

Indian  Creek,  New  Albany,Ind 

Silver  Creek,  New  Albany,  Ind 

Black  bass: 

Small  lakes  in  cemetery,  Winton  Place,  Ohio 

Indian  Creek,  New  Alnuiy,  Ind 

Silver  Creek,  New  Albany,  Ind 

Flat  Rook  River,  Flat  Rock,  Ind 

Blue  Ridge,  Ind 

Big  Blue  River,  Shelbyville,  Ind 

Little  Blue  River,  Ray  Creasing,  Ind 

Brandywine  Creek,  Fairland,  Ind 

Com  IIS  Creek,  Waldron,  Ind 

Sangamon  River,  Decatur,  111 

Dea  Plaiues  River,  Riverside,  HI 

Chicago,  Burlineton  and  Ouincy  R.  R.  Co.  ponds,  Galeaburg,  111. 

City  re8er\'oir,  Belleville.lU 

Inland  Lake,  Waterloo,  111 

Schoors  Lake,  Waterloo,  111 

Mill  nond.  Red  Bud,  HI 

Kipple  Creek,  Plj'mouth,  111 

Crooked  Creek,  Macamb,  111 

Bigger  Head  Lake,  Bardolph,  HI 

Little  Wabash  River,  Louisville, HI...: 

City  reservoir,  Litchfield,  HI 

Savior  Springs  Lake,  Saylor  Springa,  HI 

Illinois  Central  Railroad  Company  s  ponds,  Clinton,  HI 

Private  pond,  Potomac,  HI 

Kan  k  akee  River,  Kankakee,  111 

Insane  Asylum  reservoir,  Jackson\'ille,  HI 

Deaf  and  Dumb  Asylnm  reservoir,  Jacksonville,  HI 

£tDbuTasJUrer,Chaxle9tou,IU, 


Adnli 
yearLtn^ 


18,000,000 
1.000,000 


2,000,000 
2,000,000 
2,000,000 
0,080.000 
3,500,000 
1,500,000 
500.000 
2,500,000 
2,500,600 
2,500,000 
1,600,000 
1,000,000 

aoo.oM 

500,000 

500,000 

8, 870, 000 


680,000 
3,898,500 


soo 

500 


100 
100 
100 
60 
100 
200 

1,500 
450 
400 
150 
350 
SO 
990 
400 
000 

1,490 
300 
400 
230 
814 
200 
190 
40 
SOO 
100 
500 

100 
100 

150 

1.000 

1,000 

NO 

250 

SOO 

800 

200 

490 

275 

1,990 

050 

1,200 

500 

500 

350 

100 

500 

50 

300 

200 

300 

800 

500 

300 
4T5 
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k^-^JMUiih  of  di$tribuiion,  ISS^-BO'-OoiitbiTied. 


Spedes  and  diBpo6iti<m. 


EggB. 


ined. 

1^  MaMmpin,  HI 

kke,  Maieoapiii,  111 

moath,  m 

tke, Crere  CcBor.Mo 

DBas  City,  Mo 

Warrensbnrg,  Mo 

.ittleBlue^Mo 

udependence,  Mo 

>erty,Mo 

'ichoUfMo 

mission  ponds,  Neosho,  Mo 

kspond,  Moborly,  Mo 

«'  nome,  Learenworth,  Kans. . 

neordia,  Kans 

lonroe,  Wis 

AkeGenoTa,  Wis 

por,  Ferryville,  Wis 

'aterloo,  Iowa 

iarlem  Citv.Iowa 

sdar  Rapias,  Iowa 

iritIiake,Iowa 

rk,  Keoknk,  Iowa 

lford.Nebr 

(▼enna,  Nebr 

khom  RiTHT,  Norfolk.  Nebr 

khom  River,  Staart,  Nebr 

)  fish  ponds,  Soath  Bend,  Nebr  . 

»tFaUH,Mont 

,  Mid-Cafion,  Mont 

lelftna,  Mont ■ 

frwUTtoL 

k  tbens,  Tex 

rer,  Winslow,  Ark 

towling  Green,  Ky 

rordonsrille,  Ya 

ChariottesTille,  Ya 

Bxington,  Ya 

arriottiiTil]e,Md 

Commission,  Wilmington,  Del. 


oemetery,  Winton  Place,  Ohio 

few  Albany,  Ind 

ew  Albany,  Ind 

«•,  Flat  Rock,  Ind 

Blue  Ridge,  Ind 

,ShelbyTill&Ind 

er,  Bajr  Crossing.  Ind 

eek,  Fairland,  Ind 

«•,  Decatur,  111 

igton  and  Quinoy  Railroad  Compwoy's  ponds. 


BeUeirillcIU 

aterloo.  111 

Eiraterioo,ni 

Plymouth,  HI 

,  Macomb,  111 

River,  Lonisville.  Ill 

Lake,  Saylor  Springs,  Dl 

reservoir,  Jacksonville,  Dl 

asvlnm  reservoir,  Jacksonville,  111 . 

r,  Charleston,  Dl 

ir,  Macoapin,  111 

ike,  Macoapin,  111 

tmonth,  in 

ke.  Creve  Ccenr.  Mo 

WaxTCosburg.  Mo 

[ndependence.  Mo 

misuon  ponds,  Neosho,  Mo 

mcordia,  Kans 

[onroe,  Wis 

Ake  Geneva,  Wis 

ror,  Penyville,  Wis 

aterloo.  Iowa 

larles  C  i  ty ,  Iowa 

■rk,  Keokuk,  Iowa 

Elkhom  River,  Norfolk,  Nebr 

Elkbom  River.  Stuart,  Nebr 

fish  pondn.  South  Bend,  Nebr 

at  Falls,  Mont 

,  Hid'Cafion,  Mont 


Pry. 


Adults  and 
yearlings. 


300 

850 

100 

270 

1,865 

2,855 

2,905 

2,908 

300 

160 

600 

900 

1,865 

2,000 

200 

4,040 

1.498 

1,400 

1.390 

1,700 

900 

200 

1,962 

1,963 

176 

165 

1,200 

4,358 

1,000 

100 

600 

1,000 

790 

1,800 

60 

113 

640 

250 

125 

150 
200 
200 
47 
75 
100 
800 
100 
350 

200 

800 

150 

160 

50 

150 

95 

100 

1,600 

500 

1,500 

1,000 

000 

06 

135 

180 

295 

13 

06 

50 

414 

2,490 

200 

180 

100 

176 

166 

2,000 

^^ 


74  BEPOBT  OF  COHMIttlONEB  QF  FI&H  AND   FI8HEBIB&. 

There  were  received  from  Max  von  dem  Borne,  in  January,  18801, 
50,000  eggs  of  the  Alpine  variety  of  the  You  Behr  trout  and  20,000 
saibling  eggs,  and  in  March  15,000  eggs  oi  the  Loch  Leven  trout  whicb 
had  been  obtained  from  Seewdae.  In  April  of  the  same  year  10  large 
golden  tench  were  also  received  from  him. 

About  the  middle  of  February  70,000  Yon  Behr  trout  eggs  arrived  bj 
the  steamer  Allerj  60,000  being  given  by  the  Deutsche  Fischerei  Yereii 
and  10,000  by  Herr  Carl  Hchuster.  Of  these  about  56,000  proved  to  b< 
in  good  condition.  In  the  following  winter  there  were  also  received 
from  this  society  70,000  eggs  of  the  Yon  Behr  trout,  of  which  60,00( 
were  in  good  condition. 

The  300,000  whitefish  eggs  and  30,000  Yon  Behr  trout  eggs  sent  bj 
this  sdbiety  in  February  and  March  were  an  entire  loss. 

Oreat  Britain, — ^To  the  Midland  Oounties  Fish  Culture  Establishmeni 
the  following  shipments  were  made:  In  the  winter  of  1880-90,  15,00( 
rainbow  trout  eggs,  200,000  whitefish  eggs,  and  15,000  landlocked  sal 
men  eggs;  in  the  winter  of  1890-91  200,000  whitefish  eggs  and  15,00( 
rambow  trout  eggs. 

In  July,  1890, 13  garfish,  3  or  4  incheslong,  were  sent  to  the  Brightoi 
Aquarium. 

Mexico. — In  response  to  an  application  frt>m  the  Mexican  Oovemment 
50,000  lake  trout  eggs  were  sent  to  Senor  Esteban  Ch&zari  in  January 
1890,  and  50,000  in  January,  1891 ;  25,000  rainbow  trout  eggs  and  10,00( 
Yon  Behr  trout  eggs  were  also  sent  to  him  in  January,  1891. 

Norway. — Twenty-five  thousand  eggs  of  the  California  salmon  wen 
sent  to  Walter  E.  Archer,  Stavanger,  on  December  28, 1889. 

Switzerland. — ^At  the  request  of  Mr.  Alfred  de  ClaparMe,  the  Swiss 
minister  at  Washington,  30,000  eggs  of  the  rainbow  trout  were  sent  to 
Switzerland  in  January,  1890;  these  wero  followed  in  January,  1891,  by 
a  shipment  of  40,000  more. 

Mabshai^l  MoDonald, 

Oommis^ianer. 
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Av— Defotfo  eftMrOmUan,  18S9-90, 


Species  and  disposltioii. 

Bgga. 

Fry. 

Adults  and 
yearlings. 

.X.'Bidiui  Creek,  ifew  Aibuiytliid* •••••••••••  •••-«••«••-••«••••• 

S"^ il vtrr  Creek, New  AIImuit,  Ind - 

600 
600 

S  ^'^juagiiTnon  RWer,  DeoatuF.  Ill 

1 

1  745 

:K=*i»taqaa  Lake^  MoHeBry.Ul - 

900 

^W^nx  T^kik  MfiHAnrv,  III 

1.585 

:K:^ond  of  Chicago,  Borliugton  and  Quincy  Railroad,  Gales- 
bore,  111 ...- ► 

'•JS 

<Z:ity  ReeeiToir.  Belleville,  111 

~K~ftland  TAkf^,  W'^t^^rl^w,  III 

50 

^schoor  Lake,  Watorlooi  111 

SO 

^Mill  iK>nd,  RfHl  Bod,  HI  . ,   

40 

^T^TQVA QaMT  Lalte, Creve Cieur. Mo ,r.^ ■^■.. 

2.100 

~K<*l)o  Lake,  Kannaa  Cltv.  Mo 

70 

:K*ond.  Little  Blue, Mo .'.!.. 

800 

Indi^pendenoe, Mo 

800 

gTolf!ter«'  Ham«,  LaavAniiartli,  Kaiui ^ 

79 

S^ihlAv  r.akA,  Concordia,  Kana '.   r 

400 

^TTIiamMIWMftnjMA  Ol^Mlk,  QnAnt{<^.  Va ^,,.^Tw-rr rrTm-- 

80 

260 

Arixona , 

80 

210 

Cali''o-nfa 

80 

Colorado 

100 

Conneotient 

200 

Delaware 

680 

Florida 

200 

Oeonria 

485 

Idaho 

180 

1.60S 

Indian  Territory 

60 

Indiana -  r , - » . 

130 

Iowa 

190 

Kannaa 

966 

Kentndky 

210 

112 

Maine 

70 

llarylMid  --^---,,,,,-,^,,,^,- -.,,,.,,,,,, 

204 

Maasanhoaetta 

40 

Michigan 

160 

MinnMota 

1 

1,640 

MiaslsaippI 

1 

140 

Misaoori 

100 

600 

Mebraaka 

80 

Nevafla 

20 

Wew  Hampahire 

20 

How  Jeney 

64 

New  Mexico 

90 

New  York 

380 

TSttrth  nAmUna     ,  ^ 

""'r 

870 

North  Dakota 

280 

Ohio 

670 

Oregon 

10 

PennsylTania 

3,719 

Rhode  Island -. 

10 

Soath  CarollBa 

60 

Bonth  Dakota 

80 

Tenneaaee 

676 

Texaa  

200 

Utah 

1,900 

Vermont 

610 

Virgini* 

1,220 

W  aahington 

90 

West  Vhginia 

240 

Wisconsin 

110 

Wyoming 

7,016 

r»                             Manitoba 

100 

^IdBsh: 

395 

Arkansaa 

6 

12 

Delaware 

168 

6.450 

Florida 

100 

607 

Idaho .' '....'.'.*.'i!!*.r.iir" 

6 

Illinoia 

1,308 

138 

6 

Iowa. ,,,,' , 

243 

76 


REPOBT  OF  C0MMIS8I0NEB  OF  FI8H  liSD   FIfiHBRIES. 


A.— Detaib  of  diMtri^mHan,  1889-W^^ontinned. 


Species  and  dispMition. 


Qoldflal)— Continued. 

Applicants  In  Kiuisas 

Kentucky 

Louisiana 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missou  ri 

Mississippi 

Montana 

Nebraska 

Kew  Hampshire 

New  Jersey 

Kew  Mexico 

Kew  York 

Korth  Carolina 

Ohio 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

Tennessee 

Texas 

Utah 

Yemiont 

Virginia 

"West  Virginia 

Wisconsin 

fe  ^,  Wyoming 

BoifiJo: 

Indian  Creek,  Kew  Albany,  Ind 

Silver  Creek,  Kew  Albany,  Ind 

Sangamon  River,  Decatur,  111 

Ponds  of  Chicago,  Burlington  and  Qulnoy  Railroad  Company, 

Oalesburg,IU 

City  reservoir.  Belleville,  III 

Creve  CoBur  Lake,  Creve  Cceur,  Mo 

Private  pond,  Frost,  Tex 

Athens,  Tex 

Shad: 

Scantio  River,  Sun  Mill,  Conn 

Farmington  River,  Poqnantic,  Conn 

Connecticut  River,  Windsor  Locks,  Conn 

Holyoke.  Mass 

Delaware  River,  Oloucester,  K.  J 

Connecticut  River,  Warehouse  Point,  Conn 

Honsatonic  River,  Kew  MUford,  Conn 

Hudson  River,  West  Point,  K.  Y 

Kewburg,N.  r 

Catokill,N.Y 

Delaware  Ri  ver ,  Cal  I  iooon,  K .  T 

Lambertvil]e,K.J 

Lackawaxen,  Pa 

Gloucester,  K.J 

Delaware  Water  Gap,  Pa 

MuUlca  River,  Elwood,  K.  J 

U.  S.  Fish  Commission  station,  Gloucester,  K.  J 

Harvard  Universitv 

U.  S.  Fish  Commission,  Central  SUtion,  Washington,  D.  G . . 

Patuxent  River,  Laurel,  Md 

Patapsco  River,  Relay  Station,  Md 

U.  S.  Fish  Ponds,  Washington,  D.  C 

Potomac  River,  Wide  Water,  Va 

Quautico  Creek,  Quantico,  Va 

Rapidan,  Kapidan  River,  Va 

Mattaponi  River,  Milford,  Va 

Little  River,  Taylorsville,  Va 

Rivanna  River,  Charlottesville,  Va 

Appomattox  River,  Petersburg,  Va 

Rappahannock  River,  Fredericksburg,  Va 

Occoqnan  Creek,  Woodbridge,  Va 

Cedar  Run,  Cat  letts,  Va 

Stony  Creek,  Stouv  Creek^a 

Meherrin  River,  tielfleld,  Va 


Eggs. 


Fry. 


Adults  aad 
yearliogs. 


(3,664,000) 
15,000 
a(i4,i40,000) 


152, 

411. 

167. 

86, 

e.204, 

4,026, 

2.264, 

2,610, 

375, 

1.952, 

8,657, 

3,272, 

600, 

521, 

7B9, 

600, 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


360, 

1,500. 

1.51«, 

6(2, 144. 

720, 
1,180. 
1,207, 
2,470. 

909, 

600. 

326, 
1, 162, 

506. 

471, 
1.000, 
1,489, 


000 

000 

000 

000) 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 


«7 

216 
5«S 
90 
78 
284 
124 
140 

4 
112 

12 
5« 

22 

1,272 

IM 

13S 

18 
776 
400 
280 
332 

48 

824 

8 

1,188 

88 

eo 

75 

60 

50 

1.010 

450 
900 
85 
100 
150 


a  Distributed  as  try  fVom  Central  Station. 

b  Deposited  for  rearing  and  distribution  in  fall  of  1690. 
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lL»^D0taiU  of  dUtributi&n,  1889^-^0-^ontiaued. 


SpedeH  and  dispMition. 


med. 

ver,  Goldsboro,  K.C .*... 

nkRiT6r,  Elisabeth,  K.C 

^  CUiiton,N.C 

e  Creek,  Blaokahear,  Oa 

ochee  RlTer.  Quitman,  6a 

ee  River,  TnomasTille,  Oa 

oohee  River,  Weet  Point,  Oa. 

River,  Montgomery,  Ala 

k  River,  Flomaton,  Ala 

M  Klver,  Demopous,  Ala 

River,  Bast  Taimton,  Mass 

live^Newbnrff,  N.  x 

)ek,  Dover,  I>el.. 

jma  River,  Havre  de  Orace,  Hd. . . 

Ana  River,  FitesEddy,  Pa 

eriBosh  Station,  Md 

r,  Elkton,  Md 

er  River,  Onnpowder  Station,  Hd. 

at  River.  Korth-Eaat,  Md 

ver,  Ricomond,  Va 

i  River,  Angoata,  Oa 

)  River,  Maoon,  Ga 

River,  Midville,  Oa 

er,  Reynolda,  Oa 

iewater  Creek,  Bntler,  Oa 

)  Pieh  Commiaaion 


Eggs. 


Fry. 


2,248,000 
lon. 

I  Fiah  CommlMion 1,320,000 

ationale  d' Acclimation,  Paris,  France 100, 000 

.  Archftr,  Stavanger,  Ivorway 25,000 

1  Commiaaion  Station,  Fort  Oaston,  Cal. a  (100,  OOO) 

River,  near  Baird,  Cal 

liver,  near  Fort  Oaston,  Cal 

lah  CommiMion 1,000,000 

m  River  and  tribataries 

ion  (Salmo  aalar) : 

ipebire  Fiah  Commission 40,000 

and  Fiah  Commission 10.000 

sniaFish  Commission 100,000 

Lincoln,  DennyaviUe,  Me 40, 000 

I  Commission  Station.  Cold  Spring  Harbor. b  (000, 000) 

Commiaaion  Station,  Fort  Oaston.  Cal (100, 000) 

ok  Lake,  tributary  to  Penobscot  River,  Maine 

ok,  tribatary  to  Alamoosook  Lake,  Maine 

Srook,  tribntanr  to  Alamoosook  Lake.  Maine 

ook,  tribatary  to  Alamooaook  Lake,  Maine 

1  Brook,  tribatary  to  Alamooaook  Lake,  Maine 

M>k,  tributary  to  AJamoosook  Lake,  Maine 

nd,  tribatary  to  Aliunoosook  Lake,  Maine 

rook,  tribatary  to  Toddy  Pond,  Maine 

Brook,  tributary  to  Toady  Pond,  Maine 

■ook,  tribatary  to  Toddv  Fond,  Maine 

id,  tribatary  to  Toddy  Pond.  Maine 

M>k.  tribatary  to  Today  Pond,  Maine 

Brook,  tzibutary  of  Hudson  River,  New  York 

(ilead  Brook,  tribatary  of  Hudson  River,  New  York . 

k,  tributary  of  Hudson  River,  New  York 

h  Brook,  tributary  of  Hudson  River,  New  York  . . . 

Srook,  tribatary  of  Hudson  River,  New  York 

k,  tribatary  of  Hudson  River.  New  York 

{rook,  tributary  of  Hudson  River,  New  York 

Brook,  tributary  of  Hudson  River,  New  York 

Brook,  tributa^  of  Hudson  River,  New  York 

Uver,  tributary  of  Hudaon  River,  New  Fork 

ge  River,  tributary  of  Long  Island  Sound 

ahnon: 

h  Commiaaion 50,000 

Kibire  Fish  Commiaaion 20, 000 

sh  Commission 25,000 

ftnd  Fish  Commiaaion 10,000 

;  Fiah  Commission 15,000 

bh  Coaunlaaion 10,000 

Ffab  Coonniasion 50,000 

kFtakCanmisaioii 40,000 

lali  Commission 25,000 

it«L  Bi]icwood.N  J 10,000 

Mke^BrntMiOTQ^  Vt 25,000 

nah  and  Oame  Club,  New  York 10,000 

Bilir,  Sohmaldow.  Oermany 40.000 

aDiatributed  as  fty  from  Fort  Oaston  Station. 

b  StMrlbated  aa  try  tram  Cold  Spring  Harbor  Stotion. 


1,328,000 

1.042,000 

497,  OUO 

388,000 

650,000 

850,000 

?00,000 

1,290,000 

400,000 

400,000 

1,505,000 

1,420,000 

500,000 

1,256,000 

985,000 

850.000 

1, 317, 000 

1.600,000 

1,700,000 

200,000 

2,000,000 

2,565,000 

1,000,000 

900,000 

1,000,000 


Adults  and 
yearlings. 


84,000 
90.000 


2,766,475 


49,700 
49,800 
49,500 
49.750 
49,800 
49,400 
49,760 
49.600 
49,500 
26,350 
80,000 


23,884 

21,056 

12, 511 

1.802 

3,765 

1.738 

5,642 

959 

8,784 

8,639 

4,166 

3,449 
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fifiPOBT  OF  COIOIISSIONEB  OF  FUfl  AND  FISfiSUBS. 


A.— i>«teiZ«  ^f  <lif<H(iiK4m,  2S«»-dt>--€oiitmae<L 


Spedes  and  dlspMitloa. 


Landlocked  salmon— Oontinned. 

Midland  CouniiiM'  Fiah  Cnltore  AaBociatlon,  KalTom  Wells, 

Bnglapd 

IT.  S.  rlah  Commission  Station,  Kortbville,  Mich 

Fort  Gaston,  Cal 

Dnlath,  Minn 

Cold  Spring  Harbor,  K.  Y  . . 

Washington,  D.  C 

Green  Lake.Me 

Bucksport,  Me , 

Grand  Lake  Btnam,  tributary  to  Schoodic  Rirer,  Maine — 

IT.  S.  Fish  Commission  Station,  Cold  Spring  Harbor,  N.  Y 

Great  and  Maon  brooks,  tribatary  to  Green  Lake,  Maine 

Green  Lake,  tributary  to  Union  River,  Maine 

Eastern  Siver,  tributary  to  Penobscot  Riyier,  Maine 

Tributaries  of  Lake  George  near  Caldwell,N.  Y 

Mianns  River  in  Westchester  County.  Kew  York 

Pleasant  Lake  in  Sullivan  Connty,  New  York 

Silver  Lake  in  SaUi van  County,  Xew  York 

B.P.Thom,  Plainileld.  17.  J 

Beer  Creek,  near  Bel  Air.  Md 

HaselRnn,  near  Fredericksburg,  Ya 

Loch  Leven  tront: 

Miohl|anFiab  Commission 

New  Hsmpshke  Fish  Commission 

New  York  Fish  Commission 

U.S.2l8])CommisaioB  Station,  Fort  Gaston,  Cal 

Leadville,  Colo 

Craig  Brook.  Me 

Dnluth,  Minn 

Pine  Lake,  near  LaPort^  Ind 

Madison  River,  YeUowstane  Park,  Wyo 

CaldweU  Creek,  near  Cresco,  Iowa 

Light  Spring,  near  Cresco.  Iowa 

Colfax  Lake,  near  Hart,  Mich 

Star  Lake,  near  Baldwin,  Mich 

Crooked  Lske,  near  Baldwin,  Mich 

BsallLake,  near  Alpena,  Mich 

Turtle  Lake,  near  Alpena,  Mich 

Zukey  Lake,  near  Hamburg  Junction,  Mich 

Indian  River,  Indian  River,  Mich 

U.  S.  Fish  Commission  Station,  Northvills,  Mioh 

Rainbow  trout: 

Green  Lake,  near  Dedham,  Me 

Colorado  State  Fish  Commission , 

New  Hampshire  State  Fish  Commission 

Henry  Stewart,  Walhalla,  8.  C 

The  Government  of  Switzerland 

Midland  Counties  Fish  Culture  Establishment,    Malvern 

Wells,  England 

Carl  8h usr er,  F reiburg,  Germany 

Major  W.  Turner,  Florenville,  Belgium 

17.  S.  Fish  CommiMion  Station,  Neosho,  Mo 

Mountain  Creek,  near  Carlisle,  Pa 

Running  Mountidu  Stream,  near  Carlisle,  Pa , 

Yellow  Breeches  Cre«k,  near  Mocbanicsbnrg,  Pa 

Trindles  Run,  near  Mechanicsburg,  Pa 

Hoglands  Ron,  near  Williamsport,  Pa , 

East  Deer  Creek,  near  StoworaMtown,  Pa 

West  Deer  Creek,  near  Stewardstown,  Pa 

Ebaugh  Creek,  near  Stewardstown,  Pa 

Bowman  Creek,  near  Stewardstown,  Pa 

Sutton  Run,  near  Stewardstown,  Pa 

Thompson  Kun,  near  Stewardstown.  Pa 

Fuller  ftmok.  near  Bradford,  Pa 

North  Branch,  near  Hontzdale,  Pa 

Officer  Run,  near  Parkersburg,  Pa 

Doe  Run,  near  Parkeraburg,  Pa 

Buck  Run,  near  Parkeraburg,  Pa 

Dennis  Rnn,  near  Ercildoun,  Pa 

Dipping  Pond  Stream,  near  Brooklandville.  Md 

Staley  Creek,  near  Marion,  Va 

Wheat  and  Gunstock  Cieeks,  near  Liberty,  Ya 

Clear  Fork  Creek,  near  Rocky  Gap,  Ya 

Peach  Bottom  Creek,  in  Grayson  County,  Va 

Clinch  River,  near  Tase well  C.  H. ,  Ya 

Elk  Creek,  near  North  Branch,  Va 

Fox  Creek,  near  Seven  Mile  Ford,  Va 


15,000 

(30, 000) 

(90,000) 

0(00,000), 

6(85,000) 

0(30, 000) 

d(0o,ooo) 

(5^000) 


Fry. 


10.000 


(30,000) 
(»,000> 
(30.000) 
(26.000) 
(20,000) 
(20,000) 
(12,000) 


16,000 


ao.ooo 

26,000 

8,000 

30,000 

15^000 

10,000 

26.000 

(25,000) 


i. 


Adnlti 
yearlin 


214,000 


150,000 


5.000 
20.  QUO 
28^000 
28,000 

9.000 

17,860 

450 


a  Distributed  as  fry,  from  Duluth  Station,  Minnesota. 
h  Distributed  as  fry,  from  Cold  Spring  Harbor  Statisn,  New  Yeii[. 
t  Distributed  m^  fly,  fh>m  Central  Station,  Washington,  |>.  C. 
d  DistribnlMl  as  fi^r,  from  Green  Lake  Station,  Maine. 


M, 


1, 

1. 
1, 
1, 
1, 


74." 


2,000 


1,100 

300 

1,500 

500 

500 

600 

500 

480 

1,000 

1.000 

1,000 

ISO 

115 

115 

500 

2,»5 

800 
8U0 

^•^ 
l.*8» 


I 
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A.^DetaiU  of  dUMbutUm,  i^^S^^-Continiied. 


Species  and  disposition. 


^^Ixbow  tront — Contiiiiied. 

Little  Calf  Pasture  River,  near  Goshen,  Ya 

Calf  Pastare  River,  near  Goshen,  Va 

CrippleCre^  near  Bev^y  Foniace,  Va , 

Beed  Creek,  near  W3rthevi]le,ya 

Applicants  in  Tin^nia 

Kewberrv  Fork  of  Catawba  River,  near  Old  Fork,  N.  C 

Xantahalia  River,  near  Jarrettn,  N.  C 

Yalley  River,  near  Westfield.  N.C 

Running  Creek,  near  Asheville,  N.C 

Tackaaege  River,  near  Dlllsboro,  N.C 

Applicants  in  North  Carolina 

Clear  Fork  River,  near  Robbins,  Tenn 

Horse  Creek,  nearBetbel,  Tenn 

Applicants  in  Tennessee 

Cnrtias  Mannfacturing  Company's  Dam,  near  Baltimore,  Md. 

Applicants  in  liaryland 

Beaver  Dam  Creek,  near  Alexandria,  Ya 


»«g»- 


Pike  Branch,  near  Alexandria^a. 

[inters,  vt 


DiiBcult  Creek,  near  Hunters, 

Applieanta  in  Pennsylvania 

U.  8.  Fish  Commission  Station,  Northville,  Mich. 

Wroming  Fish  Commission 

Gibbon  JUver,  Yellowstone  National  Park 

Rattlesnake  (>eek,  near  Petersburg,  Ohio 

Rocky  Fork  Creek,  near  Petersburg,  Ohio 

Harden  Creek,  near  Petersburg,  Ohio 

FUl  C  reek ,  near  Petersburg,  Ohio 


12,500 


Fry. 


Applicants  in  Ohio. 
Pmchen  Cn 


Creek,  near  Dover,  Del 

Tyler  and  Poplar  oreelca,  near  Elgin,  111 

Applicants  in  niinoia 

Tim»ecanoe  River,  near  MonticeUo,  Ind 

Fall  Creek,  near  Indianapoli^  Ind 

White  River,  near  IndianapoUs,  Ind 

Brandy  wine  Creek,  near  Snelbyville,  Ind 

Big  Blue  River,  near  Shelbyville,  Ind 

Little  Blue  River,  near  Sbelbyville,  Ind 

Conns  Creek,  near  Sbelbyville,  Ind 

Flat  Rock  River,  near  Sbelbyville,  Ind 

Flat  RockRiver,  near  St  Paul,  Ind 

Applicants  in  Indiana 

South  branch  of  Catfish  Creek,  near  Peosta,  Iowa 

Spring  Branch,  near  Manchester^owa 

Kinney  Creek,  near  Yanoeburg,  Ky 

Passaio  River,  near  Providence,  N.  J 

Stoney  Brook,  near  Boonton,  N.  J 

Troy  Brook,  near  Boonton,  N.J 

North  branch  of  Raritab  River,  near  Boonton,  N.J 

Whipping  River,  near  Boont<m,  N.  J 

Iron  River,  near  Iron  River  Station.  Mich 

Spring  Brook,  near  ColiimbiaviUe,  Mich 

Barker  Creek,  near  Oscoda,  Mich 

Cold  Brook,  near  Lawton,  Mich 

South  Itranch  of  Paw  Paw  River,  near  Paw  Paw,  Mich , 

Sisson  Creek,  n^sar  Paw  Paw,  Mich 

Trowbridge  Creek,  near  Yanderbilt,  Mich 

Stewart  (>eek.  near  Wolverine,  Mich 

Applieanta  in  Michigan 

CoUinaLake,  neM"  Sichenectady,  N.  Y 

Applicants  in  Massachusetts 

Rattlesnake  Creek,  near  Whits  Mill«,  Pa 

Yen  Bdbr  trout: 

Egypt  Branch,  near  Brooklandville,  Md 

Yennont  Fish  Commission 

Wisconsin  Fish  Commission 

n.&  Fish  CMnmission  Station,  Neosho,  Mo 

Duluth,Minn 

West  Amtnck  Creek,  near  New  Haven,  Conn 

Pinehen  Creek,  near  Dover.  Del 

North  and  South  Branch  of  Bear  Creek,  near  Deeorah,  Iowa 

Baldwin  Creek,  near  Creaoo,  Iowa 

Barloia  Creek,  near  Creeco,  Iowa 

Passaic  River,  near  Providence,  N.  J 

Lincoln  Lake,  near  Reed  City,  Mich 

Applieanta  in  Michigan 

Rattlesnake  Creek,  near  White  Mills,  Pa 

Delaware  Fish  Commission 

New  Jersey  Fish  Commtsalon 

P.  C.  Hewitt,  Ringwood,  N.J 

v.  S.  Fish  Corom&sion  Station,  Duluth,  Minn 

Michigan  Fish  Conunlaiion 

New  fiampshire  Fish  Commisfion 

U.S.Fiah  Commission  Station,  Craig  Brook,  Me 


ie,000 

90.000 

(20,000) 

(8.000) 


8.060 

5,000 

8,000 

(96,000) 

10,000 
0,000 

(9,000) 


Adults  and 
yearlings. 


2,000 

1,075 
400 
480 
576 
500 

1,000 
200 
600 

1,500 
750 
500 
250 

1.250 
450 

2,200 
350 
75 
250 
407 
157 


000 
100 
100 
200 
100 
618 
200 
400 
100 

1,000 
250 
250 
368 
3C8 
868 
868 
358 

1,800 
060 
600 
600 

1,000 
200 
150 
150 
100 
100 

1,800 
500 
500 
600 
500 
275 

1,500 

1,000 
750 
100 
250 
250 

237 


200 
200 

2,070 
250 
250 
200 
407 

1,275 
200 
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BEPOBT  OF   C0HMI8SI0NEB  OF  FISH  AND  FISHERIES. 


A.^J)€taila  of  dUtrihuHonf  1S89- OO-^ontinned, 


Species  and  dlapoaition. 


BlAck-spotted  tront: 

East  Fork  GarUlner  Biver,  YeUowstone  KaUonal  Park 

Brook  trout: 

Meadow  Brook,  near  OrUmd,  Me 

Craig  Brook,  near  Orlaod^e 

Pine  Creek,  near  Felton.  Pa 

Paris  G.  Bngle,  Hancock,  Pa 

A.B.Hayward,  WaAhington,D.C 

Clinch  River,  near  TaBewell,Ya 

Egypt  Branch,  near  Brooklandville,  Md 

£.  F.  Warner,  St.  Paol,  Minn 

Bellevae  Trout  Club,  Castalia,  Ohio .' 

Henry  E.  Maynard,  Northampton,  Mass 

Dr.  E.  S.  Bowen,  Brattleboro,  V t 

Charles  F.  Orvls,  Manchester,  Y  t 

Baptism  River  Club,  St.  Paul,  Minn 

S.  Holmes,  Stroudsburg,  Pa 

Deutsche   Fisoherei  Verein,  Germany 

U.  S.  F.  C.  Stotion,  Keosho,  Mo 

LeadvAle,  Colo 

Central  Station,  Washington,  D.  C 

Bloody  Run,  near  Du  bnq  ne  lo wa 

Spring  Creek,near  Deconih.  Iowa 

Vernon  Springs,  near  Cresco,  Iowa 

Trout  Stream  on  Island  of  Marthas  Tineyard    

Gardiner  River,  Yellowstone  National  Park 

Spring  Brook,  near  Oxford,  Mich 

Applicants  in  Michigan 

New  Jersey 

Baptism  River,  tributary  to  Lake  Superior  in  Minnesota 

Lester  River,  tributary  to  Lake  Superior  in  Minnesota 

n.  S.  Fish  Commission  Station,  Fort  Gaston.  Cal 

NorthviUe,  Mich 

Dr.  John  Law,  Leadville,  Colo 

Lake  trout : 

Pleasant  Lake,  Sullivan  County,  N.  Y 

Sackett  Lake,  Snllivan  County,  N.  Y 

Otsego  Lake,  Otsego  County,  N.  Y 

Lake  in  Westchester  County,  N.  Y 

Wyoming  Fish  Commission 

New  Hampshire  Fish  Commission 

Vermont  Fish  Commission 

Minnesota  Fish  Commission 

Nebraska  Fish  Commission 

E.  Ch&sari,  City  of  Mexico,  for  Republic  of  Mexico 

U.  S.  Fish  CommiMion  Station,  Neosho,  Mo 

Cold  Spring  Harbor,  N.  Y. . . 
Duluth,  Minn 

Pine  Lake,  nev  La  Porte,  Ind 

Elder,  Green,  and  Otter  Lakes,  near  Fremont,  Ind 

Lake  near  Richmond,  Ind 

Lake  Maxinkuckee,  near  Indianapolis,  Ind 

Applicants  in  Indiana 

Zukey  Lake,  near  Ann  Arbor,  Mich 

Applicants  in  Michigan 

Stoney  Creek,  near  H  nnter  Land,  N.  Y 

New  York  Fish  Commission 

Applicants  in  Connecticut 

Lake  Superior,  off  month  of  Lester  River,  Minn 

Saibling: 

New  Hampshire  Fish  Commission 

New  York  Fish  Commission 

n.  S.  Fish  Commission  Station.  Craig  Brook,  Me 

Whiteflsh: 

Lake  Ontario,  near  Sacketts  Harbor,  N.  Y 

Black  River  Bay,  near  Sackette  Harbor.  N.  Y 

Chaumon  t  Bay,  near  Chaomon  t,  N.  Y 

Detroit  River,  near  Detroit,  Mich 

Pennsylvania  Fish  CommiMion 

Wisconsin  Fish  Commission 

IT.  S.  Fish  Commission,  Central  Station,  Washington,  D.  C . . . . 

Lake  Erie,  near  North.  Middle  Bass,  and  Put-In  Bay  Islands  . . 

Lake  Erie,  near  Monroe,  Mich 

Indiana  Fish  Commission 

Delaware  Fish  Commission 

New  York  Fish  Commission 

Indiana  Fish  Cnmrois«ion 

Midland  Counties  Fish   Coltore  BatabUshment,   Malvern 
Wells,  England 

U.S. Fish  Commission  station,  Dnlnth,  Minn 


Egga. 


40,000 

20,000 

25,000 

25,000 

15,000 

80,000 

2,600 

20,000 

(26,000) 

(25.000) 

(*(87, 500) 


50,000 
25.000 


200.000 

50,000 

325.000 

250,000 

200,000 

50,000 

(25,000) 

5(500,000) 

0(1,000,000) 


4,000 

4,000 

(4,000) 


10,000,000 
8,000,000 
a(6,000,000) 


1,000,000 

1,000,000 

10,000 

200,000 
«(26,2S0,000) 


Adnlttf  sad 
yearlingi. 


985,000 


1.800,000 

1,000.000 

1.000.000 

500,000 


27,984,000 

2,544,000 

100.000 


1, 

1,900 

1,150 

2,500 

1,993 

1.000 

1.082 

1.486 


a  Distributed  as  ttj  ttcm  Central  Station. 

b  Distributed  as  fry  from  Cold  Spring  Harbor  Station. 

e  Distributed  aa  fry  firom  Dulath  Stiftion. 
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A.— Z>0fa<Z«  of  tffofn&iitf<m,  i^^d-^O^Continned. 


Species  and  disposition. 


otlniied. 


North  Point,  Mich 

Soath  Point,  Mich 

Salphor  Islflud,  Mich 

Middle  Island.  Mich 

Thunder  Bay  Island,  Mich 

East  Ta  was,  Mich 

Miller  Point  Mich 

Starseon  Point,  Mich 

Mackinac  Island,  Mich 

Igan,near  Epoufette, Mich 

Scott  Point,  Mich 

ManlBtiqae.  Mich 

Thompson,  Mich 

k,  near  Alpena,  Mich 

ce,  near  Montmorency,  Mich 

:e,  Presqne  Isle  Coun^,  Mich 

MUige,nearHay  Point, Mich 

rior,  off  month  of  Lester  iiiver,  near  Duluth,  Minn. 

le  RiTCr,  Yellowstone  National  Park 

Bs,  Yellowstone  National  Park 


Bggs. 


KiTBr,  Decatur,  III. 


LiTcr,  near  WashiniEton,  D.  C 

I  in  Maryland 

BiTei,^tRock,Ind 

Bine  Kidge,  Ind *. 

UTer,SbelbyTme,Ind 

)  River.  Bar  Crossing,  Ind 

le  Creek,  Ejairland,  Ind 

«k,  Waldron,  Ind 

is  River,  Riverside.  HI , 

uriington  and  Qoincy  Railroad  Company's  ponds, 


Le,  Waterloo,  HI 

ike.  Waterloo,  111 

Red  Bud.  lU 

lek,  Plymouth,  111 

reek  Maeumb.  HI 

Ad  Lake,  Bardolph,  111 

sash  River,  Louisville,  HI 

roir,Litchi)eld,IU 

ings  Lake.  Saylnr  Springs,  HI 

ntral  Railroad  Company^s  ponds,  Clinton,  HI. 

nd,  Potomac  HI 

River.  Kankakee,  HI 

rlum  reservoir,  Jacksonville.  HI 

Lhunb  Asylum  reservoir,  Jacksonville,  HI — 

River,  Mar4rapin,  HI 

m  Lake,  Macoupin,  111 

Monmouth.  HI 

City.  Mo 


Fry. 


2, 
2, 
1, 
2, 
3. 
2, 
3, 
3, 
3, 
1, 
1, 
1, 
1, 
2, 

1, 

3. 
24, 


000,000 
000,000 
400,000 
000,000 
000.  otw 
000,000 
000,000 
000,000 
000,000 
600,000 
600,000 
600,000 
600,000 
000,  (MO 
t'00,000 
200,000 
000,000 
860,000 


704,000 
50,000 


bags,  Warrensburg,  Mo 

n^  Little  Blue,  Mo 

nd.  Independence,  Mo 

t.  Liberty,  Mo 

er,  Nichols,  Mo 

'-works  pond,  Moberly,  Mo 

Idlers*  Home,  Leavenworth,  Kans. . 

:e,  Concordia.  Kans 

iva.  Lake  Geneva,  Wis 

»r,  Waterloo,  Iowa 

Charles  Citv,  Iowa 

Cedar  Rapias,  Iowa 

nr  nark,  Keokuk,  Iowa 

r.MOford,  Nebr.... 

r,  Ravenna,  Nebr 

c  of  Elkhom  River,  Norfolk,  Nebr.. 
ra  of  Elkhom  River,  Stuart,  Nebr.., 
State  fish  ponds.  South  Bend,  Nebr 

.  Great  Falls,  Mont 

Uver,  Mid-Cafion,  Mont 

nd,  HelenAfMont 

Frost,  Tex 

Athens,  Tex 

c  River,  Winslow,  Ark 

rer.  Bowling  Green,  Ky 

h  River,  RiverUm,  Va 

Mis.  113 6 


Adults  and 
yearlings. 


1,000 
2,000 

70 


60 

25 

60 

50 

100 

100 

995 

500 
500 
600 
100 
150 
600 

50 
480 
400 
!!U0 
200 
250 
900 
800 
150 
150 
200 

60 
118 
760 
345 
350 
200 
350 
200 
119 
575 
1,020 
200 
200 
300 
100 
240 
250 
175 
175 
300 
910 
200 

60 
500 
400 
400 
190 
325 


82 


REPORT  OF  OOBfHISSIONER  OF   FiSH  AND  FISHERIES. 


A.— D0tel7«  ^fdMHhmHm,  ISSB-OO-^onUBned. 


Species  and  disposition. 


Pike  peroli : 

Pennitj'lTanla  Fish  Commission • • 

New  \ork  Fish  Commission ■ 

White  Klver,  near  Noblesville,  Ind 

Tributaries  of  White  Birer,  near  Shelby ville,  Ind 

Flat  Rock  Creek,  near  St  Panl,  Ind 

Turkey  Lake,  near  Cedar  Beach.  Ind 

Flint  Lake,  near  Valparaiso,  Ind 

Long  Lake,  near  Valparaiso,  Ind 

Indiana  FiHh  Commission ■ 

Twin  I^keM.  near  Karlville,  Ohio 

Cnyahoga  River,  near  Ravenna,  Ohio 

Mahoning  River,  near  Warren,  Ohio 

Embarras  River,  near  Charleston,  111 

Sangamon  Kiver,  near  Virginia,  III 

near  Petersburg,  HI 

Spring  Lake,  near  Pekin,  HI 

Mackinac  River,  near  Pekin,  111 

Kankakee  River,  near  Kankakee,  111 

Chicago,  Burlington  and  Quinoy  Railroad  Company's  ponds 

City  reservoir,  Bellevilia,  111 

Lester  River,  JDuluth,  Minn 

Sea  bass: 

Bassards  Bay,  off  Maasachoaetts  coast 

White  bsMS : 

Indian  Creek,  Kew  Albany,  Ind 

Silver  Creek,  New  Albany.  Ind 

Flat  Rock  River,  Flat  Rock,  Ind 

Bine  Ridge,  Ind .*. 

Big  Blue  River,  Shelbyville.  Ind 

Comus  Creek,  Waldron,  Ind 

Sangamon  River,  Riverton,  HI 

Chicago,  Hurlin^onandQuincy  R.  R.  Co.  ponds, Galesburg,  HI 

City  reservoir,  Belleville,  111 

Kipple  Creek,  Plymouth,  HI 

Crooked  Creek,  Macomb,  111 

Bigger  Head  Lake,  Bardolph,  HI 

Little  Wabash  River,  Loui-ville,  HI 

City  reservoir,  Litchfield,  111 

Saylor  Springs  Lake,  Say  lor  Springs,  HI 

Wabash  RaimMul  Company's  ponds,  Lanes ville.  111 

James  River,  Nichols,  Mo 

City  water- works  pond,  Moberly,  Mo 

Sibley  Lake,  Concordia,  Kans 

Lake  Geneva,  Lake  Geneva,  Wis 

Cedar  River,  Waterloo,  Iowa 

Charles  City,  Iowa 

Cedar  Rapids,  Iowa 

Private  pond.  Frost,  Tex 

Private  pond,  Athens,  Tex 

Jones  Fork  River,  Wlnslow,  Ark 

Fresh-water  drum  : 

Indian  Creek,  New  Albany,Ind 

Silver  Creek,  New  Albany,  Ind 

Black  bass : 

Small  lakes  in  cemetery,  AVinton  Place,  Ohio 

Indian  Creek,  New  Albany,  Ind 

Silver  Creek,  New  Albany,  Ind 

Flat  Rock  River,  FUit  Rock,  Ind 

Blue  Ridge,  Ind 

Big  Blue  River,  Shelbyville,  Ind 

Little  Blue  River.  Ray  Crossing.  Ind 

Brandywine  Creek,  I*  airland,  Ind 

Comiis  Creek,  Waldron,  Ind 

Sangamon  River,  Decatur,  HI 

Des  Pkiues  River,  Riverside,  HI 


IR,  000, 000 
1,000,000 


Chicago,  BurlinirtonaudQuincy  R.  R.  Co.  ponds,  Galesburg,  111. 

City  reservoir,  Belleville.  Ill 

I  nland  Lake,  Waterlo,  HI 

Schoors  Lake.  Waterloo,  111 

Mill  nond.  Red  Bud,  HI 

Kipple  Creek,  Plymouth,  111 

Crooked  Creek,  l^acamb,  lU 

Bigger  Head  Lake,  Bardolph,  HI 

Little  Wabash  River.  Louisville, HI.... 

City  reservoir,  LitchfieW,  111 


Saylor  Springs  Lake,  Saylor  Springs,  HI 

Illinois  Central  Railroad  Company^s  ponds,  Clinton,  HI . 


Private  pond,  Potomac,  HI. 

Kankakee  River,  Kankakee,  HI 

Insane  Asvlum  reservoir,  Jacksonville,  HI 

Deaf  and  t)umb  Asylum  reservoir,  Jacksonville,  HI. 
Embarras  River,  Charleston,  HI 


2,000,000 

2,000,000 

2,000,000 

9.080,000 

3,500,000 

1,500,000 

500,000 

2,500,000 

2, 500, 000 

2.500,000 

1,500,000 

1,000,000 

800,000 

500,000 

500,000 

8,870,000 


yeiarUjmmgt. 


680,000 
3,808,500 


500 
500 


100 
100 
100 

50 
100 
200 
1.500 
450 
400 
150 
350 

SO 
900 
400 

aoo 

1, 480 
300 
409 
230 
814 
200 
190 
40 
200 
100 
5U0 

100 
100 

150 

1,000 

1.000 

800 

250 

soo 

200 
200 
400 
2T5 

1,990 
850 

1,300 
500 
900 
350 
100 
500 
50 
300 
200 
900 
800 
SOO 

1,800 

1,000 
300 
475 
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A JhtaiU  0/  diitHbuiion,  I&S^-fl^^-Caiituiaed. 


SpedoB  and  dlBpoeitloii. 


Inaed. 

nsr,  Macoaiiin,  HI 

Lake,  Mafeoii|riii,  HI 

ounoath.  III 

^ke,  Crere  CcBttr,  Mo 

anaas  CI  ty ,  Mo 

a,  Warrensburg,  Mo 

Little  Blue.  Mo 

Independence,  Mo 

tibert^,  Mo 

Kiohola,  Mo 

nmisaion  ponda,  Keoaho,  Mo 

srka  pond,  Moberly,  Mo 

BTB*  Hnme,  Learenworth,  Kana. . 

Concordia,  Kana 

Monroe,  Wia 

LakeGenera,  Wia 

Iver,  Ferryville,  Wia 

Waterloo.  Iowa 

Cbarlea  City,  Iowa 

Dedar  Bapiaa,  Iowa 

ipirit  Lake,  Iowa 

)Mrk.  Keokuk,  Iowa 

[ilfoxd,Nebr 

itavenna,  Nebr 

Slkhom  River.  Norfolk,  Nebr . . . . 

Sikbom  River,  Stnart,  Nebr 

te  fiah  ponda,  South  Bend,  Nebr . 

!eat  Fafla,  Mont 

vt,  Mid-Cafion,  Mont 

,  Hdena,  Mont 

FroatiTex 

Athena,  Tex 

iver,  Winalow,  Ark 

Bowling  Green,  Ky 

GordonaTille,  Va 

r,  CbariotteaviUe,  Ya 

Lexington,  Va 

hIarriottATiUe,Md 

h  Conuniaaion,  Wilmington,  Del. 


Egga. 


1  cemetery,  Winton  Place,  Ohio 

,  New  Albany,  Ind 

New  Albany,  Ind 

rer,  Flat  Rock,  Ind 

Blue  Ridge,  Ind 

w,  Shelbyvllle.  Ind 

iver.  Bay  Croaaing.  Ind 

i^reek.  f'airland,  Ind 

r«r,  Decatur,  III 

ington  and  Qnincy  Railroad  Company'a  ponda. 


%BeUoville,Ill 

Waterloo,  111 

,  Waterloo,  111 

,PlyniCNith,m 

k,  Macomb,  111 

h  River,  Louiaville.  Ill 

:a  Lake,  Saylor  Springe,  HI 

n  reaervoir,  Jaekaonville,  HI 

lb  aaylum  reaervoir,  Jaekaonville,  HI. 

rer,  Cbarleaton,  HI 

rer,  Macoupin,  HI 

L4ike.Macoapm,  HI 

ynmouth,  HI 

.Ake.  Creve  CoBur,  Mo 

a,  Wanvnaburg.  Mo 

,  Independence,  Mo 

nmiauon  pmida,  Neoaho,  Mo 

Concordia,  Kana 

Monroe,  Wia 

Lake  Geneva.  Wia 

iver,  Ferryville,  Wia 

Waterloo.  Iowa 

[Hiarlea  City,  Iowa 

Park,  Keokuk,  Iowa 

f  Elkhom  River,  Norfolk,  Nebr 

f  Elkhom  River,  Stuart,  Nebr 

te  flah  pondn,  South  Bend,  Nebr 

reatFaUa,  Mont 

sr,  Mid-Cafioa,  Mont 


Fry. 


Adnlta  and 
yearlinga. 


300 

850 

100 

270 

1.865 

2,655 

2,995 

2,998 

300 

150 

600 

900 

1,866 

2,000 

200 

4,940 

1,498 

1,400 

1,390 

1,700 

900 

200 

1,962 

1,963 

175 

166 

1,200 

4,358 

1,000 

100 

600 

1,000 

790 

1,800 

60 

113 

040 

250 

125 

150 
200 
200 
47 
75 
100 
800 
100 
860 

290 

800 

150 

150 

60 

160 

95 

100 

1,500 

500 

1,600 

1,000 

900 

96 

186 

180 

295 

13 

95 

50 

414 

2,490 

200 

180 

100 

176 

166 

2,000 

648 

200 
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REPORT  OF  COMMISSIONER  OF   FISH  AND   FISHERIES. 


A.— Detail*  of  dittrihuHon,  1889^90-^ontvDned. 


Species  and  dispoiiltion. 


Crappie — Cootinued : 

PriTatepond,  Helena.  Mont 

Froat,  Tex 

Athena,  Tex 

Barren  River,  Bowline  Greenly 

Shenandoah  River  Rwerton,  va 

Rockbaaa: 

Applicanta  in  Marylao  d 

West  Virginia 

North  Carolina 

Virginia 

Pennsylvania 

Delaware 

Georgia 

Arizona 

Texaa...: 

Repnblic  of  Mexico,  City  of  Mexico 

IT.  S.  Pish  Commission  Station,  Neosho,  Mo 

North  Fork  of  Elkhom  River,  Norfolk,  Nebr 

Headwaters  of  Elkhom  River,  Stuart,  Nebr 

Snnfish : 

FhitRock  River.Blne  Ridge, Ind 

Big  Bine  River.  Shelby ville,  Ind 

Little  Bine  River,  Ray  Crossing,  Ind 

Chicago,  Burlington  and  Quincy  Railroad  Company's  ponds, 

Galesbnrg,  111 

City  reservoir,  Belleville,  111 

Island  Lake,  Waterloo,  III 

Schoors  Lake,  Waterloo,  111 

Kipple  Creek,  Plymouth,  111 

Crooked  Creek,  Macomb,  III 


Bgga. 


Biggar  Head  Lake,  Bardolph,  HI 
Little  -  - 


le  Wabash  River,  Louisville,  HI 

City  reservoir,  Litchfield,  111 

Savior  Sprinjgs  Lake,  Savior  Springs,  HI 

Private  ponoT  Potomac,  III 

Kankakee  River,  Kankakee,  111 

Insane  asylum  reservoir.  Jacksonville,  HI 

Deaf  and  dumb  asylum  reservoir,  Jacksonville,  HI. 

Embarraa  River,  Charleston,  HI 

Macoupin  River,  Macoupin,  HI 

Beaver  Dam  Lake,  Macoupin,  HI 

Pertle  Springs,  Warrenaburg,  Mo 

Private  pond,  Little  Blue,  M^ 

Private  pond.  Independence,  Mo 

Cedar  River.  Cedar  Rapids,  Iowa 

Blue  River,  Milford,  Nebr 

Loup  River,  Kavenna,  Nebr 

Snn  River.  Great  Falls,  Mont 

Missouri  River,  Mld-CaQon,  Mont 

Private  pond,  Athens,  Tex 

Jones  Fork  River.  Winalow,  Ark 

Barren  River,  Bowling  Green,  Ky 

Soup: 

BuEzards  Bay,  off  Massachusetts  coast 

Sqneteague : 

Buzzards  Bay,  off  Massachusetts  coast 

Mackerel : 

Buzzards  Bay,  off  Massachusetts  coast 

Tautog : 

Buzzards  Bay.  off  Massachusetts  coast 

Cod: 

Massachusetts  Bay,  off  Maasachusetts  coast 

Vineyard  Sound,  off  Maasachusetts  coast 

PoUock : 

Massachusetts  Bay,  off  Maasachusetts  coast 

Haddock : 

Mnasachusetts  Bay,  off  Massachusetts  coast 

Vineyard  Sound,  off  Massachusetts  coast 

Flatfish: 

Buzzards  Bay,  off  Massachusetts  coast 

Lobsters : 

Galveston  Bay,  near  Galveston,  Texas 

Buzzards  Bay,  off  3iassachnsetts  coast , 


Fry. 


Total*. 


250,000 


44,280,000 


300,000 

227,500 

688,500 

732,000 

14,057,500 
6.826,000 

14,800,000 

5, 102, 000 
628,000 

4,086,500 


4,511,000 


261,706,606 


Adults 
yearllzija. 


S 


150 

ooo 

750 

150 
150 
300 

411 

375 

75 

50 

355 

56 

ISO 

275 

1.400 

1,350 

100 
50 
60 

100 

100 

300 

300 
50 

250 
50 
50 

100 

150 
50 
05 

200 

50 

8,500 

50 

43 

185 

940 

341 

SO 

tS35 


383, 


*  Figures  inclosed  in  parentheses  are  not  included  in  summations. 
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B.— Details  of  diairibution,  1890-91. 


Species  and  disposition. 


nts  in  AlAbuna 

»a  Biver.  Cowles  Station,  Ala 

nis  in  Arisona 

Arkansas 

i  River,  Arkadelphia,  Ark 

M  Fish  Commission 

n  ts  in  California 

Colorado 

>  Fish  Commission 

ats  in  Connecticut 

Delaware 

te  Fish  Commission 

nta  in  District  of  Columbia 

Florida 

Georgia 

oochee  River,  West  Point,  Ga 

Fish  Commission 

nta  in  Idaho 

Illinois 

Fish  Commission 

nts  in  Indiana 

Indian  Territory 

)  Lake.  Shawnee,  Indian  Territory 

tiver,  Quapaw  Agency,  Indian  Territory. 
Dta  in  Iowa 

Kao  sas 

Fiah  Commission 

Dts  in  Kentucky 

River,  Vanceburg,  Ky 

land  River  Barbonrsville,  Ky 

Dta  in  Louisiana 

Maine 

Kaivland 

vj  River,  Frederick  Junction,  Md 

it  River,  Laurel,  Md 

tt  River,  Relay  House 

der  River,  Cockeye ville,  Md 

BT,  Elkton,  Md 

ast  River,  North  Eant,  Md 

Dts  in  Massachiutetts 

Michigan 

«ake.  Hamburg  Junction,  Mich 

Dts  in  Min  nesota 

ppi  River,  St.  Paul,  Minn 

perior,  near  Dnluth,  M  inn 

^ta  Fish  Commission,  Minn 

Dts  in  Mississippi 

ver,  Jackson,  Miss 

Dta  in  Missouri 

Creek,  Keosho.  Mo 

«ek,  Boyden.  Mo 

brk  Spring  River,  Lamar,  Mo 

i  Fish  Commission 

Dtsio  Montana 

Nebraska 

Nevada 

New  Jersey 

New  Hampshire 

New  Mexico 

New  York 

Lake.  Deposit.  N.  T 

rk  Fish  Oonunission 

Dta  in  North  Carolina 

North  Dakota 

Ohio 

jake,  Ravenna,  Ohio 

ike,  Earl  ville,  Ohio 

on  Pond,  Burton,  Ohio 

ke,  Chardon,  Ohio 

Dts  in  Oklahoma 

Pennsvlrania 

rine  River,  Coatsville,  Pa 

inch  Brandywine  River,  Downington,  Pa 

ten  Creek,  Perkiomen,  Fa 

vania  Fish  Commission 

Dta  in  Rhode  Island 

Sooth  Carolina 

aeOre(*k,  Abbeville,  S.C 

Dta  in  South  Dakota 

Tennessee 


Eggs. 


Fry. 


Adults  and 

yearlings. 

860 

4,000 

1.620 

000 

5,000 

3,000 

60 

255 

5,000 

210 

120 

4,000 

65 

250 

880 

2,000 

8,000 

1.220 

750 

6,690 

260 

610 

1,500 

600 

680 

6,170 

5,000 

340 

6,000 

5,057 

670 

150 

660 

4,980 

4,969 

4,000 

4,000 

4.490 

4,490 

800 

430 

5,000 

1,150 

6,000 

600 

2,000 

270 

3,000 

150 

450 

3.500 

4,000 

43,000 

1,000 

1.150 

110 

J50 

190 

150 

1,270 

2,000 

5,200 

2,080 

90 

810 

2.000 

2.000 

2,050 

2,050 

300 

3,190 

3.000 

^,000 

2.943 

5,000 

30 

150 

5,055 

870 

2,110 

2,120 
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B.— D0ia4I«  of  (ifoiri»it«l(m,  /aSd^-^— Coatinned. 


SpeoiM  aad  diBpoaitlon. 


Carp— Continned. 

Trinity  River,  Dallaa,  Tex 

BrnzoD  River,  Waco,  Tex 

San  Marooe,  San  Marooa,  Tex 

Texas  Pacil&o  R.  R.  Co.  ponds,  Wills  Point.  Tex . 

Mesquit,  Tex  .... 
Arlington,  Tex — 

Red  River,  Texarkana.  Tex 

Applicants  in  Utah 

Utah  Fish  CommisAion 

Vermont  Fish  Commission 

Applicante  in  Virginia 

Middle  River,  West  View,  Va 

Ball  Ran,  Manassas,  Va 

Kapidan  River,  Rapidan,  Va 

Little  River,  Taylorsville,  Va 

Mattaponi  River,  Milford,  Va 

Keabsco  Creek,  Freestone,  Va 

8toney  Creek,  Stonej  Creek,  Va 

Meherrin  Ri  /er.  Belfield,  Va 

Cedar  Ron,  CatletU,  Va 

Rockflsh  River.  Rockflsh,  Va 

Tye  River.  Tye  River  Station,  Va 

Reed  Creek,  wythevUle,  Va 

Applicants  in  Washington 

West  Virginia 

West  Virginia  Fish  Commission 

Applicant  in  Wisconsin 

Wisconsin  Fish  Commission 

Applicants  in  Wyoming , 

Wyoming  Fish  Commission 

Tench: 

Applicants  in  Colorado 

Shawnee  Lake,  Shawnee,  Indian  Territory 

Applicants  in  Indiana 

Kansas 

Monocacv  River,  Frederick  Junction,  Md 

Patuxent  River,  Lanrel,  Md 

Applicants  in  Micliigan 

Missouri 

Hiokorr  Creek,  Neoaho,  Mo 

Shoal  Creek,  Bovden,  Mo , 

North  Fork  Spring  River,  Lamar,  Mo 

Goldflsh : 

Applicant*  in  Alabama 

Arizona  Territory 

Arkansas 

California 

Colorado 

Connecticut 

Delawaiw 

District  of  Columbia. ......... .". '. '. 

Florida 

Groorgia 

Idaho , 

Applicants  and  public  waters  in  Illinois 

Applicants  in  Indiana 

Indian  Territory 

Iowa , 

Kansas  

Kentucky , 

Louisiana 

M  aine 

Maryland 

Massachusetts 

Michigan 

Applicants  and  public  waters  in  Minnesota 

Applicants  and  Jiublic  waters  in  Missouri 

Applicants  in  M.issi88ippi 

Nebraska 

New  Jersey , 

New  Mexico 

New  York , 

North  Carolina , 

Ohio 

Ontario , 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 


Fry. 


Adnll 
yearl 
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B.— Details  of  distrihutwn,  J89(^-91-<^ontmiied. 


Species  and  diaposition. 


®^*^flEh-COTitinned. 

Applicants  in  U  tah  Territory 

Vermont 

Tirginia 

West  Virginia 

Wiaoonsin 

Sh^^  Wyoming 

^ndaon  lUver,  Weet  Point,  N.  Y 

Albany,  N.Y 

C  !li«0apeake  and  Delaware  Canal,  Delaware  City,  Del 
Xkelaware  River,  Lackawaxen,  Pa   

Delaware  Water  €^»p,  Pa 

Port  Jer^-ia.  N.  r 

Callicoon,  N.  7 


Gloaceeter  City,  IsT.  J. 
Big  Timber  Creek,  Weetville,  N.  J  . . . . 


Cofaansey  River,  Brideeton,  N.  J 

Potomac  River,  Fort  Washington,  Md 

XT.  S.  Fiah  Commission,  Central  Station,  Washington,  D.  C. . 

TTnited  States  Fish  Ponds,  Washington,  D.  C 

Cedar  Ron,  Catletts,  Va 

Occoqoan  Creek,  Woodbridge,  Va 

^Hiappawaoaic  Creek.  Qnanraoo,  Va 

Happafaannock  River  Fredericksbnrg,  Va 

Matteponi  River,  Mllford,  Va 

Itockfisb  River,  Rockiish,  Va 

Xitt  to  River,  Taylorsvi]le,Va 

Potomac  River.  Wide  Water,  Va 

lUtpidan  Rixer,  Rapidan,  Va 

Tyo  River,  Tye  River  Stot ion,  Va 

2<eabeoo  Creek,  Freestone,  Va 

<Mter-River,  £  vington,  Va 

Patapaco  River,  Relay,  Md 

Pataxent  River,  Laorel,  Md 

Dfeherrin  River,  Belfield,  Va 

Stoney  Creek,  Stoney  Creek,  Va 

If ense  River.  Ooldsboro.  N.  C 

Paaqnotank  River,  Bllzabeth  City,  N.  C 

Lamber  River,  Lamberton.  N.  C 

^Newport  River,  Newport,  K.  C 

Congaree  River,  Columbia,  S.  C 

Savannah  River,  Angn8ta,(}a 

Ocmalgee  River,  Macon,  Ga 

White  Water  Creek,  Butler,  Ga 

Flint  River,  Reynolds,  Ga. 


0(32,361,000) 


Alabama  River, J|iont|[omeTy.  Ala. 


Chattahoochee  River,  West  Point,  Ga 

Chattahoochee  River,  Bolton,  Ga 

Palmer  River,  Providence,  R.  I 

Tannton  River,  Dight«in,  Mass 

Conseeticiit  River,  Warehouse  Point,  Conn 

Hudson  River,  West  Point,  N.  Y 

Albanv,  N.Y 

Newbnrg,  N.Y 

Glen  Fafiii.  N.  Y 

Brandrwine  Creek.  Wilmington,  Del 

Blackbird  Creek,  Middletown,  Del 

Appoqnimiack  Creek,  Midrtletown,  Del 

Smyrna  Creek.  Clayton,  Del 

Leipeie  Creek,  Creswold,  Del 

Jones  Creek,  Dover,  Del 

-MurderkiU  Creek.  Felton,  Del 

MispiHion  Creek,  Milford,  Del 

Broadkill  Creek,  Ellendale,  Del 

Bosquehamia  River,  Peach  Bottom,  Pa 

Columbia,  Pa 

FitesBddy,  Pa 

near  Battery  Station 

Ksatiooke  River,  8eafbrd,Del ^ 

Gunpowder  River,  Gunpowder,  Md 

Elk  River,  Elkton,  Md 

Kortb  Eaat  River,  North  East,  Md 

Bash  River,  Bush  River,  Md 

Toekahoe  River.  Queen  Anne,  Md 

ClwAter  River.  Chestertown,  Md 

Back  River,  Back  River,  Md 

Wioonioo  River,  Salisbury.  Md 

a  Distributed  aa  fry  from  Central  Station. 

b  Deposited  for  rearing  and  dlatribntion  in  fall  of  IWl. 


Eggs. 


Fry. 


Adulto  and 
yearlings. 


388,000 
382.000 
400,000 
824,000 
658,000 
841,000 
850,000 
25,000 
1,200,000 
500,000 
170,000 


6(2,064,000) 
300,000 
638,000 
333,000 
885,000 
875,000 
658,000 
860,000 
860,000 
854,000 
390,000 
865,000 
363,000 
681,000 
820.000 
723,000 
480,000 
568.000 
351,000 
600.000 
495,000 
1,504,000 
1,570,000 
931.000 
558,000 
558,000 
047,000 
047,000 
637,000 
1,030,000 
3,890.000 
1,958,000 
1. 000, 000 
2.550,000 
2, 113, 000 
2, 056, 000 
1,800,000 
138,000 
137,000 
275,000 
275,000 
413,000 
495,000 
275,000 
192,000 
],.%0,000 
1,900,000 
2,100,000 
412,000 
960.000 
1,300,000 
1,350.000 
1,660,000 
1,670,000 
1.360.000 
450.000 
450.000 
1,166,000 


226 

6 

2,676 

170 

34 

62 
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B.'-VeiaiUof  dittrihution,  1890^ J^Coutinued, 


Specien  lud  diaposltiou. 


Shad —Continued. 

Satilla  River,  Wftvcrosa,  Ga 

Ocmolgee  Rivw,  Macon,  6a 

Ocklockne«  River,  Ocklocknee,  Ga. 

Alapaba  River,  Alapaha,  Ga 

Withlacoochee  River,  Quitman,  Ga 

Arkanaaa  River,  Fort  Smith,  Ark 
Van  Bnren.  Ark 

Weber  River,  Ogden,  Utah 

Bear  River,  Montpelier,  Idaho 

Bear  Lake,  Bear  Lake,  IdiUio 

Delaware  Fish  Coromimlon,  Wilmington,  Bel 

Savannah  River,  Ansusta,  Ga 

Withlacoochee  River,  Quitman,  Ga 

Arkanaaa  River,  Osark,  Ark 
-     Potomac  River,  Washington,  D.  C 
Qninnat  ai^mon : 

California  Fish  Commission,  Sisson,  Cal 

B.  ChAsari,  city  of  Mexico,  Mexico 

8oci6t6  NationiUe  d'Aoclimatation.  PariK,  France 

McCloud  River,  near  fiaird.  Cal 

Trinity  River,  near  Fort  Gaston,  Cal 

Redwood  River,  Fort  Gaston,  Cal 

Oregon  Fish  Commission,  Warrendale,  Oregon 

Clackamas  River,  Clackamas,  Oregon 

Aflantio  sidmon : 

Tributaries  of  Penobscot  River,  near  Craig  Brook,  Maine  . . . 

Hudson  River,  near  Troy,  K.  Y 

Landlocked  salmon: 

Pennsvlvania  Fish  Commission 

New  York  Fish  Commission 

New  Hampshire  Fish  Commission 

Massachusetts  Fish  Commission 

Vermont  Fish  Commission 

If  evada  Fish  Commission 

Minnesota  Fish  Commission 

WilmurtFishinj;  Club,  Newton  Comers,  N.Y 

Bisby  Fishing  Club,  Prospect,  K.Y 

Blooming  Grove  Park  Asiiociation,  Glen  Eyre,  Pa 

George  A.  Starkey,  Troy,  K.  H.  (tor  A.  N.  Cheney) 

W.  P.  Greenough,  Lachevroliene,  Canada 

Herr  von  Behr,  Sehmaldow,  Germany 

IT.  S.  Fish  Commission  Station,  Washington,  D.  C 

Northvilie,  Mich 

Dnluth,  Minn 

Craig  Brook,  Me 

Schoodic  Lake,  Sohoodio,  Me 

G reen  Lake,  in  Hancock  County,  Me 

Commodore  Club,  Hartford,  Me 

Craig  Pond,  near  the  station 

Green  Lake,  in  Hancock  County,  Me 

Twin  Lake,  near  Como, Wayne  County.  Pa 

Lake  Superior,  off  the  mouth  of  Lester  River,  Minnesota  . . . 
Loch  Leven  trout: 

Monntainy  Pond,  near  Green  Lake.  Me 

Long  Island  Sound, Glen  Cove,N.  Y 

Bav\ille,N.Y 

Great  South  Bay,  Newton,  N.Y 

Nebraska  Fish  Commission 

New  Hampshire  Fii«h  Commission 

Berkshire  Trout  Club,  Great  Barringfon,  Mass 

W.  P.  Greenough,  Portneuf.  Quebec,  Canada 

IT.  9.  Fish  Commission  SUtion,  Cold  Spring  Harbor,  N.  Y.. . 

T7.  S.  Fi8h  Commission,  Craig  Brook,  Maine 

Shonhone  Lake.  Yellowstone  National  Park 

Lewis  Lake,  Yellowstone  National  Pa^k 

Catfish  Creek,  Dubuque,  Iowa 

Bloody  Run,  Dubuque.  Iowa 

Waskqukoto  Creek,  Dubuque,  Iowa 

Clear  Creek,  Lansing,  Iowa 

Big  and  Little  Blue  River,  Shelby ville, Ind 

Tributaries  of  Eagle  Lake.  Warsaw,  Ind 

Private  applicants  in  Michigan 

Ohio  Fish  Commission  at  Toledo 

Dayton 

Garrettsville  Anglers'  Association,  Garrettsville 

Private  applicants  in  Vermont 


285,000 
240,000 
600,000 
540,000 
613,000 
400,000 

1,462.000 
500,000 
671,000 

l,liM,000 


Adalt0<«>Hl 

yearliKBj*' 


4,002,000 


40,000 
60.000 
60,000 
26.000 
25,000 
20,000 
20,000 
25,000 
20.000 
10,000 
10,000 
10,000 
20.000 

b (30, 000) 
(30.000) 
(50,000) 

e  (21,000) 


113,000 
3,000 
5,289 


10,000 
10,000 
10,000 
10,000 
d  (20, 000) 
(20,000) 


25.000 
20,000 


3,000 

6,000 

10,000 


7, 


48 
319 


X^^  5W 


^   •  •  • 

350 

aoo 

900 
^000 


450 
4O0 
4€0 

450 
S50 


a  Estimated  product  of  2,144,000  fry  deposited  in  May,  1890. 

b  DiRtribnten  as  ft>y  fh>m  Central  Station. 

e  Distributed  as  fry  from  Craig  Brook  Station. 

tf  Distributed  as  fry  from  Cold  Spring  Harbor  Station. 
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B.^DeUUh  of  di»iribution,  ISSO-^l^-ConUnued, 


Species  and  disposition. 


at: 

a  CreekfStaimoca,  Pa.  ••••••••• •••••... 

Run,  MonlEton,  Md 

tan,  Monkton,  Md 

I  Ran,  Freeland,  Md 

ear  New  Market  Hd 

7  of  Ganpowder  River,  Long  Green,  Md 

y  of  Deer  Creek,  Belair.  Md 

I  River,  Glen  FaU8.Md 

Ron,  branch  of  Jones  Falls,  Baltimore,  Md 

tine  Creek,  Mechanicstown,  Md 

anunff  Creek,  Mechaiiiustown,  Md 

Its  in  Marylttid 

rook,  Delaware,  N.  J 

bui]g  Creek,  Delaware,  N.  J 

reeic.  Uaynesbnrz,  K.  J 

im,  HaTnesboi^,  xf.  J 

tconfi:  Creek.  Racket  tstown,  K.  J* 

ook,  Mackettstown,  N.  J 

mpahire  Fish  Commission 

i  Fish  Commission 

6*  rdon,  South  Brad,  Wyo 

0  Qnunm,  I-Aramie,  Wyo 

irris,  American  Aneler,  New  York  Cit  \ 

ori  City  of  Mexico  (for  Mexican  Government) 

Coantiea  Fish  Cnlt  ire  Establishment,  Malvern 
Enxland 

1  Benr,  Schmaldow,  Germany 

er,  Swiiis  consol,  Havre,  France,  for  the  Government 

taeiiand 

L.  Ma^on,  Frankfort  on  the  Main,  Grermany 

h  Commission  Station,  Neosho,  Mo 

Central  Station,  Washington,  D.  C . . . 

resk,  Conoord,  Va 

ek.  Lawrers.  Ta 

onnd  Creek,  Redwood,  Va 

iea  of  Clinch  River,  Tasewell,  Ya 

ir  Creek,  (*leTeland,ya 

1.,  WythevlDe,  Va 

Inn,  fiemdon,  Va 

>k,Nataral  Bridge,  Va 

iitii  in  Virginia 

id  Mellow  mn8,Romney,  W.  Va 

ly  Creek,  Brooeton  MiUs,  W.  Va 

B,  Fairchanee*  Pa 

an.  Kylertown,  Pa 

Bnn,  Kennedy,  Pa 

[ooae  Ron,  Shenandoah,  Pft 

Ran.  Mechanicsbnrg,  Pa 

Ran,  Mechaniosb  urg,  Pa 

ttreeches  Creek,  Williams  Grove,  Pa 

Dts  in  Pennsylvania 

ork,  Swananoa  River,  Black  Mountain  Station,  N.  C. 
ork,  Swananoa  River,  Black  Mountain  Station,  K.  C. 
»rk.  Swananoa  River,  Black  Mountain  Station,  N.  C. 

ek.  Black  Mountain  Station,  N.C 

Rivtr.  Salisbury,  N.C 

Elkin.ir:C 

nts  in  North  Oirolina 

Ireek,  Rome,  Ga 

stain  Georgia 

tioba  River,  near  Birmingham,  Ala 

]lreek,  Florence,  Ala 

Creek.  Florence,  Ala 

Dts  in  Alabama 

Vermont 

mch  Cedar  Creek,  Meredith,  Mich 

ranch  Cedar  Creek,  Meredith,  Mich 

Creek.  Hatton.Mich 

ra  Creek,  Hatton,  Mich 

reek,  branch  of  Sturgeon  River,  Vaaderbilt>  Mich 

nts  in  Michigan 

Ohk> 

an,  Avonia,Pa 

Creek,  Newton  County.  Mo 

n  Branch,  Newton  County,  Mo 

;  Creek.  Racine,  Mo 

le  Creek,  Newton  County,  Mo 

a  Distributed  as  try  from  Central  Station. 


EgK». 


Fry. 


10,000 
20,000 
5,000 
5,000 
10,000 
25,000 

15,000 
10,000 

40,000 

10,000 

(20,000) 

a  (2:;,  000) 


11,981 


Adults  and 
yearlings. 


200 
250 
210 
950 
490 
550 
689 
800 
700 
700 
979 
110 
982 


876 
876 
600 


493 
600 
142 
60 
230 
75 
100 
600 

1,180 
400 
400 
400 
400 
90 
400 
700 

1,500 

2,790 
450 
675 
675 
450 
675 

1,700 
630 

2,205 

1,350 
450 
450 
200 
200 
180 
917 
467 
468 
800 
200 
535 
380 
525 
113 

1,000 
500 
250 
260 
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B.'^DeUHU  of'dittri^tUmy  t890-91 — (^ontinaed. 


Species  and  disposition. 


5to»' 


Fry. 


Adults  and 
yearlings. 


(100, 000) 


10,000 

20,000 

20,000 

5,000 

10^000 

25,000 

10,000 

10,000 

(40,000) 

(28^000) 

(28,000) 

(20,000) 


18,200 
3,200 

10,000 
5,000 


Bainbow  tront— Continnod. 

North  Branoh  Indian  Creek.  MoDonaM  County,  Mo 

North  Fork  of  Elkhum  Creek,  McDonald  Coanty,  Mo 

Sofi^ar  Fork  of  Buffalo  Creek,  McDonald  Coanty,  Mo 

Big  Sngar  Fork  of  Elk  River,  McDonald  County,  Mo 

Little  Sagar  Fork  of  Elk  Eiver.  McDonald  Coanty,  Mo 

JoneaCreek,  Jasper  Coanty,  Mo 

Turkey  Creek,  Jasper  County,  Mo 

Tributaries  of  Shoal  Creek,  Jasper  Coanty,  Mo 

Small  Lake,  near  Joplin.  Mo 

Spring  RiTer,  Jasper  Coanty,  Mo 

Chrane  River,  Stone  Con  n ty ,  Mo 

Sac  River,  Ash  Grove,  Mo 

James  River,  Turner.  Mo 

Chwconade.  Mansflela,  Mo 

Big  Branch,  Gasconade  River,  Cabool,  Mo 

Copper  Mine  Branch,  Carter  County,  Mo 

Applicants  in  Missonri 

Marmaton  River,  Fort  Scott,  Kane 

Mariadesoygne  River,  Boi8conrt,Kans 

Big  Sucar  Creek,  Boiscoari,  Kans 

Five  Mile  Creek,  Leavenworth,  Kans 

Aiiplicanto  in  Kansas 

War  Eagle  Creek,  War  Eagle  MiUs,  Ark 

Tributaries  of  White  River,  FayetteviUe,  Ark 

Applicants  in  Arkansas 

Ton  Behr  trout: 

Great  Brook,  Green  Lake,  Maine 

Heart  Pond  near  Orland,  Maine 

U.  S.  Fish  Cemmiflston  Station,  Leadville,  Colo. 

Starmcoa  Creek,  Brandt,  Pennsylvania 

Hemlock  Creek,  Stevens  Point,  rennsylvania 

Lake  Superior  off  mouth  of  Lester  River 

Baptism  River,  in  Minnesota 

Nebraska  Fish  Commission 

Wyoming  Fish  Commission 

Minnesota  Fish  Commission 

OttoGramm,  Laramie,  Wyo 

A.  N.  Cheney,  Manchester,  Vt 

A.B.Smith,  Bellevue,  Ohio 

W.  P.  Greenough,  Portnenf,  Onebeo,  Canada 

S.  Chiaari,  Mexico  City  (for  Mexican  government) 

U.  S.  F.C.  Stotion,  WytheviUo,  Va 

Central  Station,  Washington,  D.  C 

Neosha  Mo 

Duluth,  Minn 

Nes  Pero6  Creek,  Yellowstone  National  Park 

ThominjEton  Pond,  Romeo,  Mich 

Catfish  Creek,  Dabuqne.  luwa 

Bloody  Run,  Dabuooe^  Iowa 

Wasqukoto  Creek,  UuDuque,  Iowa 

Clear  Creek,  Lansing,  Iowa 

White  River,  Nobles ville,  Indiana 

Big  and  Little  Blue  River,  Shelby  ville,  Indiana 

Spearflsh  Creek,  Spearfish.  South  Dakota 

Tributaries  of  Menominee  River,  Marinette,  Wia 

OhioFiah  Commiaaion,  Toledo.  Ohio 

Dayton,  Ohio 

Garretteville  Anglers'  AssooiaUon,  Garrettsville,  Ohio 

Applicants  in  Oh io 

Hoosac  River,  North  Adamn.  Mass 

Otseso  Creek,  ihieonta,  N.  Y 

Applicants  in  New  York 

North  Branch  of  Indian  Creek,  Stella,  Mo 

Sugar  Forks  of  Buffalo  Creek,  McDonald  County,  Mo 

Big  Sugar  Fork  of  Elk  River,  Pineville,  Mo 

South  Fork  of  Elk  bom  River,  Indiana  Springs,  Mo 

Little  Sugar  Fork  of  Elk  River,  PineviUe,  m!o 

Jones  Creek,  Fidelity,  Mo 

Turkey  Creek,  Scotland.  Mo 

Grand  River,  Hanisonville,  Mo 

Spring  River,  Jasper  County.  Mo 

Crane  Creek,  Stone  Coanty.  Mo 

Piney  River.  Cabool  Coanty,  Mo 

Bull  Creek,  Paola,  Kans 

War  Eagle  Creek,  War  Eagle,  Ark 

West  Fork,  White  River,  FayetteviUe,  Ark 

a  Distributed  aa  fry  from  Central  Station.      b  Distributed  as  fry  from  Duluth  Station. 


400 
4U0 
400 
400 
400 
400 
400 
400 
200 
500 
600 
801 
800 


846 
600 

1.000 
1,048 
1,060 

i,on 

200 
2,300 

070 
1,847 
1,400 

3,413 
167 


250 
300 
300 
300 

xm 

450 

900 

350 

450 

525 

WO 

450 

2120 

890 

425 

455 

400 

400 

400 

400 

400 

400 

400 

m 

1,200 
500 
J,  750 
840 
t,COO 


I 

I 


JSSPOBT  OF  COlOnSSIONBB  OF   FISH  AND  FISHBRIES.         91 


Speoii 


dispcMiiion. 


Teo  Bebr  trout^Ckmtinued. 

^^iicutoin  ArlunaM 

tf^v ve  Pish  Commiaakiii 

^*  C.  HaiTis,  **AniericftB  Anf^/*  New  York  City 

^^^  York  Fifth  CommiMioB 

^•S.?iahCoauiilBdoft  Station,  Northvllle,  Mloh 

"^kt™.:  C»IgB™ok,Me 

j«Qo<ePoiid,Hajt]Mid,M« 

A\.  S.  Fish  Commiaaion  Station,  Leadville,  Colo 

^«rnicc»  Creak,  Brandt,  Fa 

^«m]ock  Creek,  Stevens  Point,  P». 

^ppUcanta  in  New  Jeroey 

|»«n.  Geo.  W.  Hooker,  BratUeboro,  Y  t 

^iana  Pearson,  Nortluunpton,  Maaa 

Cr.&FlahConuniasion  Station.  Wytharille,  y  a. 

Central  StatiM.  WMkington,  D.  C  . . 

Neoeho,JCo 77. 

^«et  Fork  of  OaidiiMr  KSmc,  Ytfowatone  National  Park. 

.^tfinh  Creek,  Dnhooae,  la 

^foeril^  Ban,  DnlNMnae,  la 

Waaqiifcvto  Creek,  JDubuque,  la 

Oboley  Greek,  Lansing,  la 

Oreene  BiTBr,  Werley,  Wis 

Oreeka  tributary  to  Menominee  Biver  near  Marinette,  Wis. 

'White  Birer,  NoblesTille,  Ind 

XnrtlelAke,  Alpena,  Mich 

Samd  Creek,  Grand  Bapids,Mich 

:Raah  Creek,  Grand  Bapids,  Mich 

Spearfitfh  Creek,  Spearflah,&I)ak 

■Applicaptain  Tnrifana 

Ohio  Fish  Commisaion,  Dayton,  Ohio 

Ohio  Piah  GammisfdoD,  Toledo,  Ohio. 

Booaac  River,  North  Adams,  Mass 


Egga. 


8,000 

8,500 

12,760 

(81,750) 

(•,000) 


(20,000^ 


28,000 

20,000 

(20,000) 

a  (26, 000) 

(80,000) 


Bey  wood  Creek,  Weston,  Mass 

'Weet  Paatore  Brook,  North  Hatfield, 


Pry. 


Adults  and 
yearlings. 


4,281 


18,000 
8,920 


5,000 


150,000 
600,000 
20,000 
100,000 
50,000 
60,000 
10.000 
55,000 
50,000 
6(500,000) 
0(500,000), 
(1(200, 000) 
a  (100, 000) 


90,900 
99,820 
99,700 
90,730 
82,460 
24,500 
82,441 
192,000 


31,500 
40,600 
22,500 
27,000 
22,500 
31,500 
31,500 
31,500 
81,500 


100 


^pplicanta  In  Massachusetts 

7enMile  Biver.  Dillon,  Colo 

Snake  River,  Dillon,  Colo 

:^latte  Biver,  EsUbrook.  Colo 

"Willow  Cre^  DiUon,  Colo 

Oxape  Creek  and  tributaries.  West  Cliff,  Colo 

Applicants  in  Colorado 

'Wyoming  State  Fish  Commission 

Af^llcanta  for  stocking  pablio  streams  near  Bapid  City,  S.  D. 

in  South  DakoU 

Otto  Gramm,  Lacamie,  W  vo 

Xieeter  Biver,  near  Duhitn  Station 

trout: 

Pleaaant  Lake,  Fallsburg,  N.  Y 

Wliiteldike,  Liberty,  N.  Y 

$5beldrakeLake..Hurlmrville,N.Y 

Sound  Lake,  Bocklan^N.Y 

GuiUord  Lake,  Guilford,  N.Y 

Comforts  Pond,  Susquehanna,  Pa 

lAke  HopatoouL  Lake  Hopatcong,  N.  J 

IiakeErie,nearTat-inBaTi,Ohio 

Ifinneaota  Fish  Commission. 

HewHampahire  Fish  Commission 

Rhode  lalaod  Fish  (commission 

W'yomingFieh  Commission 

Ifebnuka  Flah  Commiasion 

John  H.  Gordon,  South  Bend,  Wyo 

C  F.  Stoddard, Granville,  N.Y 

Blooming  Grove  Park  Association,  Glen  Eyre,  Pa 

B.  Chisari.  City  of  Mexico  (for  Mexican  Government) 

17.  S.F.C.  Station,  Cold  Spring  Harbor,  N.Y 

Dulutli,  Minn 

Pnt-in  liay,  Ohio 

.     Central  Station,  Waahington,D.C 

WLiteilah  Lake.  Pierson,  Mich 

Sand  Lake.  Sand  Lake,  Mick 

Crandall  Lako,  Cedar  Springs,  Mich 

South  Laka  Cedar  Springs,  Mich 

Moore  Lake  Cedar  Springs,  Midi 

Lincoln  LakA,  Spencer  MTUs,Mich 

Trufanta,  Mich 

Gowen,  Mich 

(^rley  Lake,.  Harrard .  Mich 

«  Bistrihnted  aa  fry  firom  Central  Station.  o  Distributed  as  fry  £rom  Duluth  Station, 

ft  Distributed  aa  fty  fhnn  Cold  Spring  Harbor  Station,  d  Diatiibnted  as  fty  from  Put-in  Bay  Statian. 
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7,875 
400 
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450 
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100 
\00 
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B.'^nOiMi  ofdUMbutUm,  i^aO-O/^-Contiaaed. 


Speoies  and  dispoaitioii. 


Lake  trout — Continaed. 

Myen  Lake,  £pckford,  Hieh 

Zukey  Lake,  Hamburg  J  itnotion,  Mich 

Walnut  Lake,  Oakland,  Mkh 

Selkirk  Luke,  Shelbyvllle.  Mich 

Fatal  Lake,  GreenTUle,  Mich 

Baldwin  Lake,  Greenville,  Mich 

Bargesa  Lake,  Greenville,  Mich 

Murray  Lake,  Ionia,  Mich 

Fern  Lake,  Grand  Kapida,  Mich 

Keed  lAke,  Grand  Rauida.  Mich 

Lake  Odesaa,  Lake  Gkleaaa,  Mich 

Camp  Lake,  Sparta,  Mich 

Carp  Lake,  Provemont,  Mich 

Mei^rta  Creek,  Mebeita,  Mich 

MalnaUyLake,  Waterford,  Mich 

OrchardLake,  Orchard  Lake,  Mich 

.     Union  Lake,  Oakland  County,  Mich , 

Coolev  Lake,  Oakland  Coaniy,Mich , 

A ppllcanta  in  Iowa 

Michi^n , 

South  I)akota 

Lake  Eampeaka,  Watertown,  &  Dak 

Lake  Mazinknckee,  Marmont,  Ind 

Applicanta  in  Indiana 

Ohio 

Shenango  River,  Sharon,  Ta 

Hampton  Lake,  Tardley,  Pa 

AppUcan  ta  in  New  York 

Ehodelaland 

Vermont 

Maryland 

New  Jeraey , 

Shoahone  Litke,  Yellowatone  National  Park 

Lewia  Lake,  Y  ellowatone  National  Park 

Xiake  Superior,  oflf  the  month  of  Leater  River  in  Minneaota  . . 

LakeMenozia,  in  St.  Lonia  County,  Minn 

Lake  Superior,  off  the  mouth  of  Leater  River 

Klk  River,  Rutledge,  Mo 

Whiteflah: 

Lake  Onturlo,  near  Oawego,  N.  Y 

Lake  Ontario,  near  Sacketta  Harbor,  N.  Y 

Ohio  Fiah  Commisaion , 

Pennayl vania  Fiah  Commiaaion , 

Wiaconain  Fish  Commiaaion 

Carl  G.  Thompaon ,  Warren,  Ind 

Lake  Erie,  near  Put-in  Bay,  Ohio 

New  York  Fiah  Commiaaion 

Herr  von  Behr,  Scfamaldow,  Germany 

.    Midland  Countiea   Fiah   Culture  fiatabliahment,  Malvern 

Wella,  England 

U.  S.  F.  C.  Station,  Duluth.  Minn 

Central  Stotion,  Waahington,  D.  C 

Put-in  Bay,  Ohio 

Lake  Huron,  north  of  Thunder  Bay  laland , 

near  Middle  laland 

East  Ta  waua 

.  MillerPoint 

Sturgeon  Point 

Lake  Michigan,  near  Epoufette  and  Warehouse 

Kanbinway  and  Scott  Point 

Lake  Superior,  near  Whiteflsh  Point 

Straita  of  Mackinac,  near  St.  Ignaoe 

Detou  r  Paaaage,  near  Htty  Point 

Thunder  Bay,  near  South  Point  and  Scarecrow  laland 

Sulphur  laland 

NorthPoint 

Lake  Superior,  near  mouth  of  Lester  River 

Yellowatone  River,  above  the  falls,  in  Yellowatone  National 

Park 

Smelt: 

Potomac  River,  near  Chain  Bridge,  D.  C 

Yellow  perch : 

Chicago,  Burlington  andQuinoy  Railroad  reservoir,  Rio,  HI.. 

Sangamon  River,  Decatur,  111 

Lakea  in  vicinity  of  Greenville,  HI 

Virginia,  111 

Big  Flat  Creek,  St,  Paul.  Ind 

Small  private  pond,  Indianapolia,  Ind 


47.600,000 

14,000,000 

10,000,000 

12S,000 


4,000,000 
100,000 

200,000 
a(12,U0O,000) 
6(4,000,000) 
e(aOO,000) 


45,000 
22S,000 


803.000 
55,000 


23S, 


1,000.000 
2,812,000 


10,000,000 


l.SOO, 
1,600. 
2,000, 
2.000, 
2.000, 
2.000, 
2.500, 
2,500. 
2,500, 
2,000, 
1.600, 
1,000, 
1.000, 
11,880, 
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000 
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000 
000 
000 
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600 

405 
200 
300 

m 
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a  Distributed  aa  fry  from  Dulnth  Station.  b  Distributed  aa  fry  from  Central  Station. 

cDiBtribxxiod  as  frj  ftom  Put-in  Bay  station. 


SEPOBT  OF  COlOaSSIOKEB  OF  FISH  AND  FISHEBIES.         93 
B.— i>0failf  o/  di$tH»uUon,  i^dt>-«i— Continued. 


SpedM  and  diapodtlon. 


reHow  pereb— OontiBoed. 

BiirXiidtoB,  Kew  AIImhit,  Ind...... 

Silrer  CYeek,  New  AllMuiy,  Ind  . . . . 

Pine  Lake,  Ia  Porte,  Ind 

Slklia:  i  River,  Elkhart,  Ind 

Si.  Joe  Kirer,  Elkhart,  Ind 

Simmons  Lake,  Elkhart,  Ind 

Slk  KiTer,  Goehen,  Jnd 

Sagle  Lake,  Warsaw,  Ind 

liaaainneAwa,  Muion,  Ind 

Wliite  Kirer,  Anderson,  Ind 

Iowa  BiTer:  Iowa  Falls,  Iowa 

I4me  Tree  Lake,  finrlineton,  Iowa. 
Cedar  River,  Cedar  Rapids,  Iowa  . . 

Iowa  River.  Deoorah,  Iowa 

Middle  Creek,  M^e  Hill,  Kaoa. . . . 


MiUCre^  Almi 


Mill  Creek,  Poxioo^juma  . . . . 

law  Kana 

Spring  Pond,  HoUiday,  Kaoa. 


C&wki 


Barton,  Aana 

_  ,  Creek,  Topeka,  Kans 

Chiacaki  River,  xfaahville,  Kans 

Calvary  Creek,  Coldwater,  Sana 

Kim  Creek,  Medioine  ^tdfre,  Kans 

Valla  of  the  Ronffh.Roilchdale,  Ky 

Lake  Cookerell,  independenee,  lu> 

mg  Hole  River,  Bntte  City,  Mont 

Weber  River,  O^en,  Utah 

Utah  Lnke,  Batfle  Creek,  UUh 

Lake  Colville,  Spragne,  wash 

Loon  Lake,  Loon  Lake,  Wash 

Washittgioii  Lake,  ^Seattle,  Wash 

Applicania  in  Pennsylvania 

^i^e  porch; 

Pennsylvaai*  Fish  Commission 

West  Lake,  Kalamasoo,  Mich 

Goordneek  Lake,  Kidamasoo,  Mich 

Gnm  Lake,  PlainviUe,  Mich 

Wednore  Lake,  Allegan  County,  Mich 

Dnmont  Lakou  Allegan  Connty,  Mich 

Miner  Lake,  Allegan  Connty/Mich 

Swan  Lake,  Allegan  County,  Mich 

Little  John  Lake,  Allegan  County,  Mich. . , 

LakelC,  AUegan  County,  Mich 

Turkey  Lake.  Cedar  Beach,  Ind 

Lake  Mazinkockee,  Marshall  County,  Ind. 

Clear  Lake,  Sprinirfleld,  HI 

Kankakee  River,  Kankakee,  HI 

Suaqoehanna  Kirer,  Susquehanna,  Pa 

Base  Lake,  Chardon,  Ohio 

Summit  Lake,  Akron,  Ohio 


ivLake,  Kent,  Ohio 

MusKingnm  River,  Zaneaville,  Ohio  .  . 

Baveonn  Lake,  Ravenna,  Ohio 

Mahoning  River.  Newton  Falls,  Ohio . . 

Geauga  Lake,  Qarrettsville,  Ohio 

Lake  Erie,  near  Baas  Island  Ohio 

Cleveland,  Ohfo 

SI  Louis  River,  Fonddu  Lac,  Minn 

Minneaota  River,  near  Mendota,  Minn . 

Mankato,  Minn. 
Lester  River,  nearDuluth,  Minn 


Applieanta  in  North  Carolina 

South  Carolina 

Tennessee 

ChieaAO,  Burlington  and  Qnincy  Railroad  reservoir,  Rio,  HI. 

Lakemvidnlty  of  Columbia,  in 

Sangamon  Ri  ver,  Decatur,  111 

Lakes  in  vicinity  of  Shirley,  HI 

Lebanon,  HI 

Waterloo,  HI 

Qreenville.  in 

Smbarraa  Liver,  Charleaton,  Hi 

Lsksa  in  vicinity  of  Virginia,  HI 

Macomb,  HI 

Spoon  Lake,  SeviUe,  HI 

iVx  River.  MoHenry,  HI 

Taylor  Lake,  Grays  Lake,  HI 

Steond  Lake,  Orays  Lake,  HI 


Fry. 


58,000,000 


12,000,000 


Ba  Page  Rtrer  Kapervnie, HI.. 
CMkftOlA  BiTOE.  JUysport,  HI . 
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2,200.000 
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Adults  and 
yearlings. 
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B.— Z>0«flat «/  dMrikuUtm,  J«00^i*-€naiiaa6d. 


Speciee  and  diapMition. 


Blaolc  Umo — CoDtinaed. 

Big  Muddy  River,  De  Soto,  HI 

LakM  in  vicinity  of  Carbondale,  111 

Anna,  HI > 

Cache  RivBr.nilin,  HI 

Flat  Rock  River.  Flat  Rock,  Xnd 

Big  and  Little  Blue  Riven,  ShelbyriUe,  Ind 
Small  lake  near  Ft.  Wayne,  Ft.  Wayne,  Ind. 

White  River,  Richmond,  Ind 

Big  Flat  Creek,  St  Paul.  Ind. 


Small  i>rivate  pond,  Indianapolis,  Ind 


Big  Indian,  Kew  Albany,  Inc 

Silver  Creek,  New  Albany,  Ind 

Pine  Lake,  La  Porta,  Ind 

Elkhari  River,  Elkhart,  Ind 

St.  Joe  River,  Elkhart,  Ind 

Simmona  Lake.  Elkhart,  Ind 

Elk  River,  Goaiien,  Ind 

Eagle  Lake,  Warsaw,  Ind 

Massinneawa,  Marion,  Ind 

White  River,  Anderson,  Ind 

White  River,  Indianapolia,  Ind 

Iowa  River,  Iowa  Falls,  Iowa 

Lone  Tree  Lake,  Burlington,  Iowa 

Cedar  River,  Cedar  Rapids,  Iowa 

Iowa  River,  Deoorah,  Iowa 

Des  M  oines  River,  Ottumwa,  Iowa 

Big  Creek .  Rome,  I  owa 

Skunk  River,  Mount  Pleasant,  Iowa 

East  Nodaway  River,  YaUsca,  Iowa 

Middle  Kodaway  River,  Yalisca.  Iowa 

Railroad  reservoir,  Moxon.  Iowa 

Des  Moines  River,  Albia,lowa 

West  Nishnabotna  River,  Hastingn,  Iowa 

Des  Moines ^iver, Levey, Iowa... 

Nishnabotna  River,  Red  Oak,  Iowa 

fiddle  Creek,  Maple  Bill,  Xans 

Mill  Creek,  Poxico,  Eans 

Mill  Creek,  Almsj  Kans 

Spring  Pond,  Holliday,  KauA 

Creek  near  Burton,  Burton,  Kans 

Wakerasa  Creek,  Topeka,Kan8 

Chisoaki  Rivar,  Nashville,  Eans 

Calvary  Creek,  Cold  water,  Kans 

Elm  Creek,  Medicine  Lodge,  Eans 

Private  pond  near  Nicholasville,  NicbolasviUe,  Ky 

Lake  EllenUe,  Danville,  Ky 

Lake  in  vicinity  of  Versailles,  Ky 

Covin  g  ton.  Ky 

Walton,  Ky 

Snow  Island,  St.  Ignace,  Mich 

Lake  Cookerell,  Independence,  Mo 

Salt  River.  H nnne well.  Mo 

Chariton  River,  Chariton,  Mo 

Big  Hole  River,  Butte  City.  Mont 

Oquaga  Lake,  Deposit.  N.T 

State  fish  ponds.  New  York  Fish  Commission 

M ussy  Lake,  Ravenna,  Ohio 

Bass  Lake,  Chariton,  Ohio 

Mahoning,  Leavittsbnrg,  Ohio 

Sosquehanna  River,  Easton ,  Pa 

Lake  Kampeata,  Watertown,  S.  Dak 

Weber  River,  Ogden,  Utah 

Utah  Lake,  Battle  Creek,  Utah 

Lake  Colville,  Sprague,  Wash 

Loon  Lake,  Loon  Lake,  Wash 

Wanhington  Lake.  Seattle,  Wash 

Williams  Bay,  Geneva,  Wis 

State  hatchery.  Laramie,  Wyo 

Applicants  in  Pennsylvania 

Delaware 

Big  Patuzent  River,  Laurel,  Md 

Middle  Patuxent  River,  Laurel,  Md 

Ciappie : 

Chicago,  Burlington,  and  Quincy  RAilroad  reservoir,  Rio,  HI. 

Lake  in  vicinity  of  Columbia.  Hi 

Stmgamon  River,  Decatur,  HI 

Judge  Waldin's  lake,  Clinton,  HI 

Lakes  in  vicinity  of  Shirley,  111 

Lebanon.  Ill 

Waterloo,  ill 

Macomb,  HI 


Fry. 


Adnhv 
yeiriiinci. 


m 

ISO 
ISO 
J50 
300 
806 
100 
10 
880 
100 
1,0W 
MO 
290 
164 
183 
18S 
SO 

m 

275 

315 

850 
1,475 
2,440 

300 
1.475 

200 

200 

200 

100 

100 

200 

200 

190 

»0 

290 

50 

328 

328 

350 

150 

850 

400 

350 

1,200 

75 

75 

m 

100 
100 
800 

990 
250 
250 

1,3« 

W 

410 
SOQ 

8D0 

MO 

l,4» 

ISO 

300 

710 

^•^ 
710 

100 

25 

00 
77 


385 
500 
200 

m 

UO 
W 
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B.— J>e<aa«  cf  di9*nbuii4m,  i«8K?^9i— Oontinned. 


Species  and  diaposltlon. 


•ntiniied. 

iver.SeTil]e,I11 

er,  licHenry,  in 

ui  Bay.  McHenry,  HI 

Ake,  Grays  Lake,  HI 

..ake-Gr^s  Lake,  lU 

River.  Naperville,  111 

:ia  River,  l^eysport,  HI 

Idv  River,  De  Soto,  HI 

■^inity  of  Oarbondale,  HI 

Anna,  111 

lver,Unin,Hl 

;k  River,  Flat  Rock,  Ind 

Little  Blae  Rivers,  ShelbyvUle,  Ind 

reek,  Philadelphia.  Ind 

k  River,  Louisville,  Ind 

^er,  Knightsto  wn  ,Ind 

ver,  Cambridge,  Ind 

iver,  Richmond,  Ind 

Creek,  St.  Paul,  Ind 

ivato  pond,  Indianapolis  Ind 

liver,  Indianapolis,  Ind  ^ 

rcr,  Iowa  Falls,  Iowa 

oea  River,  Ottamwa,  Iowa 

ik,  Rome,  Iowa 

Uver,  Mount  Pleasant,  Iowa 

laway  River,  Yalisca,  Iowa 

Nodaway  River,  Yalisoa,  Iowa 

,  reservoir,  Hoxon.  Iowa 

nea  River,  Albia.  Iowa 

nabotna  River,  Hastings,  Iowa 

nes  River,  Levev,  Iowa 

otna  River,  Rea  Oak,  Iowa 

7reek,  Maple  Hill,  Kans 

ek,  Poxico,  Sans 

Aima,Kana 

entocky  River,  La  Gnmge,  Ky 

the  Rough,  Roughdale,  "Rr 

pond  near  NichcuasvUle,  Sy 

lerslie.  Danville,  Kv 

vicinity  of  Tersaillea,  Ky 

('.ovington,  Ky 

Walton,  Ky 

land,  St.  lenaoe,  Mich 

ckrell,  Independence,  Mo 

er,  Hnnne  well.  Mo 

I  River,  Chariton,  Mo 

I  vicinity  of  Nebraska  City,  Nebr 

Lake,  Deposit,  K.  Y 

h  ponds,  New  York  State  Fish  Commission. 

liunoad  company,  WaverlyiPa 

e  River,  Camcoon,K.Y 

Lack  awaxen.  Pa 

Port  Jervis,  N.  Y 

anna  River,  Raston,  Pa 

vania  Fish  Commission,  AUentown,  Pa 

anna  River,  Harrisbnrg,  Pa 

Lancastex*.  jPa 

impesta,  Watertown,  S.  Dak 

[rtcn  Lake,  Seattle,  Wash 

n  Bay,  Geneva,  Wis 

itchery,  Laramie,  Wyo 

Patoxeot  River,  Laarel,  Md 

ixent  River,  Laurel,  Md 

ats  in  Delaware 

Pennsylvania 


ats  in  Yirginia 

Tenneasee 

Korth  Carolina 

Pennsylvania 

Maryland 

e  Fish  Commission 

vicinity  of  Columbia.  HI  . 
raldin*s  Lake.  Clinton.  Ill 
I  vicinity  of  Shirley,  111 . . 
Lebanon,  111  . 
Waterloo,  HI. 
IS  River.  Charleston,  HI . . 

«ake.  Grays  Lake,  111 

jBke,  Gnus  Lake,  HI 

>  RIvar,  iTapenrilto.  m.... 


Sgga. 


Fry. 


Adults  and 
yearlinga. 


500 
496 
400 

aoo 

205 
500 
100 
100 
100 
100 
100 
884 
894 
75 
150 
150 
150 
775 


100 
630 
250 

aoo 

200 

200 

100 

94 

200 

200 

244 

175 

238 

120 

129 

131 

100 

720 

75 

75 

870 

100 

100 

400 

690 

160 

160 

1,460 

280 

200 

150 

160 

126 

260 

60 

75 

800 

850 

800 

285 

495 

1,470 

49 

46 

26 

60 

1,450 
477 
200 
635 
450 
460 
490 
200 
200 
200 
406 
882 
100 
192 
400 
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B.— Detoilf  of  dl^triiiiii^,  ltf9t>-9/— Continued. 


Species  and  disposition. 


Book  boss— Continued. 

yssksskis.  Keygport.  HI 

Biff  Moddy  River,  De  Soto,  111 

Lslbes  in  Vicinity  of  Carbondslo,  III 

Anna,Ill 

Cache  River,  UUin.  lU 

Flat  Rook  River,  Flat  Rock,  Ind 

Big  and  Little  Blue  rivere.  Shelbyrille,  Ind 

Biff  Flat  Creek.  St.  Paul.  Ind 

Wnite  River,  Indianapolis,  Ind 

Cedar  River,  Cedar  Rapids,  Iowa 

Iowa  River,  Decorah,  Iowa 

Des  Moines  River.  Ottnmwa,  Iowa 

Big  Creek;  Rome,  Iowa 

Skunk  River,  Mt.  Pleasant,  Iowa 

Ea»t  Nodaway  River,  Talisea,  Iowa 

Middle  Kodaway  River,  Valisca,  Iowa 

Railroad  reservoir,  Moxon,  Iowa 

Des  Moines  River.  Albia,  Iowa 

West  Kishnabotna  River,  Hastings,  Iowa 

Des  Moines  River,  Levey,  Iowa 

Nishnabotna  River.  Red  Oak,  Iowa 

Lakes  in  vicinity  of  Pee  Wee  Valley.  Kentucky 

Little  Kentucky  River,  La  6ranffe,'Ky 

FaUs  of  the  Rough,  Roughdale,  Ky 


Lake  in  vicinity  of  YersaiUes,  Kv. 

Covington,  Ky 


Walton,  Ky  

Snowlslsnd,  St.  Ignaoe,  Mich 

Lake  Cockerell,  Independence,  Mo 

Salt  River,  Hunnewell,  Mo  ...: 

Chariton  River,  Chariton,  Mo 

Oquaga  Lake,  Deposit,  N.  T 

Neahonlng  River.  Leavittsbnrg,  Ohio 

Delawsreltiver,  Callicoon,  N.  Y 

Lackawaxen,  Pa 

PortJervis,  N.Y 

Susquehanna  Rirer,  Easton,  Pa 

Pennsylvania  Fish  Commission,  AUentown,  Pa 

Susquehanna  River,  Harrisburg,  Pa 

^  ,    „  Lancaster,  Pa 

Lake  Kanipesta,Watertown,S.  Dak 

Williams  Bay,  Geneva,  Wis 

State  hatchery,  Laramie,  Wyo 

Potomac  River,  Washington,  D.  C 

Flaghole,  Spring  River,  Seneca,  Mo '..'.\\ 

Sanflsh : 

Chicsgo,  Burlhigton  and  Qninoy  Railroad  reservoir,  Rio,  Dl 

Sangamon  River.  Decatur, 111... 

Small  lake  near  Fort  Wayne,  Ind 

Big  Indian,  New  Albany,  Ind 

Silver  Creek,  New  Albanv.  Ind 

Iowa  River,  Decorah,  Iowa. 


Fry. 


Adult 
yesrij 


Agent  Railroad  Company,  Waverly,  Pa 
Lake  Kampeata,  Watertown,  S.  Dak .... 
Lake  Colville,  Sprague,  Wash 


Loon  Lake,  Loon  Lake,  Wash 
Applicant  in  Pennsylvania  . . 

Potomac  River,  Washington,  D.  C  '.!.'.".' 

Spanish  mackerel :  

Cod^*^  ™*^*^'^  °^  Chesapeake  Bay,  near  Cape  Charles,  Va. 

Vin'i^ri?^*^?*!?  ??  9?^  -*^°n'  Massschnsetts 

PollLk*  ^*^  Massachusetts  coast 

HadcuSSf  ^''"****  ^y* ^^  ^•P*'  ^"' Massachusetts. . . . . 

Flat^sl??*'''''"****  ^y*  ""^  ^"P®  ^"'  Massachusetts 

Lobrterer"^  ^""^  ""^  *''®  Msssachusetts  coast 

Vineyard  Sound,  off  the  Massachusetts  coast. 
Total* 


152,129,650 


776,000 

18, 968. 000 
36, 416, 000 

14,827,500 

78,500 

3,350,500 

3. 533, 500 


264,076,667 


2.( 


*  Figures  inclosed  in  parentheses  are  not  included  in  summations. 


IT  UPON  THE  INQUIRY  RESPECTING  FOOD-FISHES  AND 

THE  FISHING-GROUNDS. 


By  Richard  Rathbttn. 
A89%9tant  in  charge. 


ZNTRODX7CTION. 

tig  the  two  years  covered  by  this  report  the  field  researches 
d  to  this  division  have  extended  over  a  large  part  of  both  the 
c  and  Pacific  seacoasts,  and  have  embraced  a  wide  area  of 
ater  drainage.  Most  noteworthy  from  the  novelty  and  import- 
their  results  have  been 'the  investigations  by  the  steamer  Alba- 
Bering  Sea  and  along  the  coasts  of  Washington,  Oregon,  and 
lia. 

ry  thorough  reconnaissance  has  been  made  of  the  eastern  or 
-water  part  of  Bering  Sea,  including  its  fishing-grounds  for  cod, 

re  lines  as  far  north  as  the  Kuskokwim  Biver,  and  the  general 
eristics  of  the  bottom  to  the  western  border  of  the  continental 
n,  whose  i)osition  also  was  determined.  The  principal  fishing- 
I  this  region,  which  has  been  named  after  the  late  Prof.  Baird, 
scovered  to  have  a  very  large  area,  exceeding  even  that  of 
3  Bank,  off  the  iN'e w  England  coast.  The  distribution  of  the  fish 
and  on  other  grounds,  as  well  as  their  abundance  and  average 
iifferent  places,  has  been  ascertained  for  the  summer  season, 
ich  further  information  of  value  to  the  fishermen  has  been 
on  record.  The  importance  of  a  more  thorough  knowledge  of 
sics  and  natural  history  of  Bering  Sea,  in  view  of  the  grave 
as  connected  withits  seal  and  other  fisheries,  suggests,  how- 
any  additional  problems,  for  the  study  of  which  the  AlbairosB 
^apted,  and  which  require  early  attention. 
)reliminary  examination  of  the  continental  slope  off  the  States 
hington,  Oregon,  and  California,  from  the  Straits  of  Fuca  to  the 
Q  boundary  line,  was  completed  in  the  fall  of  1890.  The  loca- 
a.11  the  fishing-grounds  contained  within  these  limits  has  now 
itermined,  and  sufficient  material  has  been  collected  to  illustrate 
erent  varieties  of  food-fishes,  and  their  distribution  throughout 
Lon,  as  well  as  the  principal  features  of  the  bottom  fauna.  Ye;t^ 
I.  Mis.  113 7  «l 


98  BEPOBT  OF  COMMISSIONER  OF  FISH   AND   FISHEBIES. 

enconraging  restdts  have  attended  the  observations  made  in  San  Fran 
Cisco  Bay  with  respect  to  the  breeding  of  the  Atlantic  coast  oyster,  an« 
an  important  scientific  investigation  ha«  been  conducted  off  the  wesi 
em  coast  of  Mexico  and  Central  America,  under  the  direction  of  Pro: 
Alexander  Agassiz. 

The  field  operations  on  the  Atlantic  coast  have  been  directed  chiefl 
to  the  study  of  the  oyster-grounds  of  Long  Island  Sound,  of  Tangic 
Sound  in  Maryland  and  Virginia,  and  of  the  coast  of  South  GaroUns 
Extensive  surveys  were  made  in  Long  Island  Sound  with  re8i)ec' 
mainly,  to  the  conditions  of  the  bottom,  the  natural  enemies  of  the  oyi 
ter,  and  the  varying  distribution  of  the  set  of  spat.  The  absence  of  an 
pollution  in  the  oyster-ground  waters  was  also  fully  demonstrated  h 
careful  physical  and  chemical  observations.  The  extent  and  causes  < 
the  deterioration  of  the  oyster  beds  in  Chesapeake  Bay  has  been  mad 
the  subject  of  a  special  investigation,  which  is  still  in  progress,  Tangic 
and  Pocomoke  sounds  having  been  selected  for  the  first  exaininationi 
The  inquiries  in  South  Carolina  were  conducted  for  the  purpose  of  a 
certaining  the  character  and  distribution  of  the  natural  oyster-colturs 
resources  and  of  determining  the  proper  measures  for  their  develo] 
ment.  The  work  was  completed  in  the  course  of  a  single  winter,  an 
has  afforded  very  satisfactory  results.  Arrangements  have  also  bee 
made  for  the  preparation  of  a  series  of  reports  descriptive  of  the  metl 
ods  of  oyster-culture  practiced  in  European  countries,  which  will,  it 
hoped,  be  at  least  suggestive  to  American  oyster-growers. 

The  study  of  the  physical  characteristics  of  the  coast  waters  off  tl 
Northern  Atlantic  States,  especially  in  the  region  traversed  by  tl 
mackerel  during  their  seasonal  migrations,  has  been  taken  up  for  tl 
first  time  in  a  thoroughly  comprehensive  manner,  and  has  now  bee 
actively  prosecuted  during  two  summers.  While  the  principal  part  < 
this  work  has  been  limited  to  the  southern  Kew  England  coast,  a  seri< 
of  observations  has  also  been  carried  southward  to  Virginia.  Thes 
inquiries  will  have  an  equal  bearing  upon  the  habits  of  all  other  migr 
tory  fishes  which  resort  to  this  region  during  a  greater  or  less  pai 
of  each  year,  and  nearly  all  of  the  important  economic  species  whic 
ent'Cr  into  the  fisheries  tbere  are  of  this  character. 

Among  the  investigations  relating  to  the  fresh  waters  the  one  < 
most  direct  importance  has  probably  been  the  study  of  the  saJmo 
rivers  of  Alaska  with  respect  to  the  riatural  history  of  the  salmon,  tl 
threatened  depletion  of  the  schools  by  the  destructive  methods  of  ca] 
ture  now  in  use,  and  the  measures  necessary  to  preserve  this  extensiv 
ifood  supply.  The  observations  were  made  on  Kadiak  and  Afogna 
islands,  and  on  Wood  Eiver  at  the  head  of  Bristol  Bay.  The  fresl 
iv^ater  systems  have  also  been  examint  d  in  eleven  different  States  an 
{Territories,  as  follows :  The  Yellowstone  National  Park,  Colorado,  Utal 
Missouri,  Arkansas,  Iowa,  Wisconsin,  Indiana,  Ohio,  Kentucky,  an 
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Florida.  The  majority  of  these  surveys  have  been  very  thorough,  af* 
fording  much  desired  information  regarding  the  natural  features  of 
a  large  number  of  lakes  and  rivers,  in  respect  to  which  flsh-cultural 
operations  have  been  undertaken  or  proposed. 

The  Woods  Holl  laboratory  has  been  open  continuously  during  the 
entire  period^  a  competent  scientific  expert  having  been  employed  to 
study  the  biological  questions  which  are  constantly  arising  in  con- 
nection with  the  hatching  work  conducted  at  this  station.  During 
both  Bnmmers  the  facilities  of  the  laboratory  have  also  been  extended, 
as  in  former  years,  to  a  large  number  of  naturalists,  some  of  whom 
have  given  their  attention  exclusively  to  the  Fish  Commission  work. 
Many  special  observations  have  been  made  on  the  life  history  of  the 
seacoast  fishes,  and  interesting  experiments  have  been  conducted  rela- 
tive to  their  artificial  propagation.  One  result  of  these  inquiries  has 
been  to  demonstrate  conclusively  that  the  attempts  recently  made  to 
increase  the  supply  of  cod  on  some  parts  of  the  New  England  coast 
have  met  with  complete  success.  Not  only  has  the  number  of  fish  aug* 
mented  from  year  to  year,  but  schools  of  this  species  are  making  their 
appearance  in  many  places  where  they  had  never  been  seen  before. 
Twelve  other  species  of  fishes  have  also  been  studied  to  a  greater  or 
less  extent,  the  greatest  amount  of  progress  having  been  made  with 
lespect  to  the  sea  bass  and  Spanish  mackerel.  A  thorough  investiga- 
tion into  the  life  history  of  the  lobster  is  likewise  now  being  made. 

PACIFIC  COAST. 

The  steamer  Albatross  was  at  work  on  the  coasts  of  Washington 
and  Oregon  at  the  close  of  the  fiscal  year  ending  June  30, 1889,  and 
on  July  8  following  left  Tacoma,  Wash.,  with  several  members  of 
tbe  IT.  S.  Senate  Committee  on  Indian  Affairs  to  visit  the  principal 
Indian  settlements  in  southeastern  Alaska.  The  trip  was  made  by 
way  of  the  inland  passages  and  extended  as  far  as  Sitka  and  Juneau. 
It  terminated  July  28,  and  the  Albatross  then  started  for  Bering  Sea, 
but  when  only  a  few  days  out  the  port  engine  became  disabled,  and  she 
was  obliged  to  return  to  Seattle  for  repairs.  When  these  had  been 
<Ainpleted  the  season  was  too  far  advanced  to  warrant  making  the  long 
passage  to  Alaska,  and  the  steamer  again  took  up  the  investigations 
oif  Washington,  carrying  them  southward  along  the  coasts  of  Oregon 
^d  California  as  far  as  Gape  Mendocino.  During  the  following  winter 
^pairs  were  made  at  the  Mare  Island  navy-yard,  and  during  March 
)nd  April,  1890,  the  region  between  Point  Arena  and  Point  Conception 
^as  examined,  thereby  nearly  completing  the  preliminary  survey  of 
tte  California  coast. 

On  May  5, 1890,  the  AJbaiross  left  San  Francisco  and  proceeded  to 
^ka,  where  severalmonths  were  spent  in  defining  the  fishing-grounds 
^ud  in  determining  the  physical  and  natural-history  featuxe^  ol  l\i^ 
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eastern  part  of  Bering  Sea.  Subsequently  some  additional 
tions  were  made  in  regard  to  the  fishing  region  south  of  the  Alask 
Peninsula,  which  had  been  surreyed  in  1388 ;  a  short  stop  was  mad 
on  the  coast  of  Washington,  and  the  examination  of  the  oontinenta 
platform  was  finished  between  Gax>e  Mendocino  and  Point  Arena,  GaU 
fomia.  The  last  of  January,  1891,  the  AU>atro98  was  dispatched  on  a 
special  expedition  off  the  west  coast  of  Mexico  and  Central  America,  and 
to  the  region  about  the  Ghalapagos  Islands,  under  the  scientific  direction 
of  Prof.  Alexander  Agassiz.  This  occupied  about  three  months,  and  by 
tiie  end  of  June,  1891,  the  steamer  had  been  refitted  for  a  third  cmise 
to  Alaska. 

The  conduct  of  these  investigations  was  in  charge  of  Lieul  Com- 
mander Z.  L.  Tanner,  U.  S.  Navy,  commanding  the  Albatros^j  assisted 
by  an  efficient  staff  of  naval  officers  in  the  management  of  the  ship 
and  in  connection  with  the  physical  observations.  The  civilian  staff 
has  consisted  of  Mr.  Charles  H.  To wnsend,  naturalist  ]  Mr.  A.  B.  Alex- 
ander, fishery  expert,  and  Mr.  N.  B.  Miller,  assistant  naturalist.  Prof 
Charles  H.  Gilbert,  of  Indiana  University,  was  also  attached  to  the 
steamer  as  ichthyologist  and  chief  naturalist  from  January  to  August, 
1889,  and  during  the  Bering  Sea  cruise  of  1890. 

ALASKA. 

During  the  summer  of  1890  the  Albatross  was  in  Bering  Sea,  wher 
an  examination  was  made  of  all  the  principal  cod-fishing  banks  as  wel 
as  of  the  general  features  of  the  shallow -water  area  which  composei 
the  entire  eastern  part  of  this  important  region.  The  Albatross  entered 
Bering  Sea  by  way  of  TJnimak  Pass,  in  May,  and  carried  a  line  o 
soundings  in  a  northerly  and  easterly  direction  a  distance  of  about  B 
miles,  when  stormy  weather  made  it  necessary  to  proceed  to  Unalaskfl 
the  dredgings  and  soundings  being  continued,  however,  in  that  direo 
ticm.  Leaving  the  latter  place  on  May  28,  the  vessel  began  a  recoo 
naissance  of  the  shore  line  of  Bristol  Bay,  which  was  conducted  fire 
along  the  north  side  of  the  Alaska  Peninsula  as  far  as  the  Kvicha 
Bivw,  and  thence  to  the  Kuskokwim  River.  During  this  cruise  th 
contour  and  topography  of  the  coast  were  sufficiently  well  defined  t 
serve  as  a  basis  for  the  subsequent  hydrographic  observationa  Froi 
Cape  Newenham  a  line  of  stations  was  run  in  the  direction  of  the  Nortl 
west  Cape  of  Unimak,  and  the  latter  part  of  June  investigations  wei 
commenced  on  Slime  Bank,  being  carried  thence  over  Baird  Bank  t 
the  head  of  Bristol  Bay  and  th^  Kulukak  Ground.  Two  visits  were  pai 
to  Port  Moller  and  Herendeen  Bay,  where  a  coal  mine  had  recently  bee 
opened,  and  partial  surveys  were  made  of  each  of  these  inlets,  whic 
define  their  entrance  and  the  channel  leading  to  the  coal  landing. 

During  the  first  part  of  August  a  line  of  soundings  was  made  firoi 
off  Cape  Ohe^rfiil,  TJnalaska,  to  Bogoslof  Island  and  volcano,  from  th 
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litter  loeality  in  a  westerly  and  northerly  direction  and  subsequently 
in  a  Boutherly  direction,  for  the  purpose  of  determining  the  western 
boundary  of  the  elevated  platform  characterizing  the  eastern  part  of 
Bering  Sea.  The  remainder  of  the  season  was  employed  in  the  vicinity 
of  Unalaska,  mainly  in  ascertaining  the  positions  and  v^alue  of  the  cod 
banks  lying  off  the  northern  side  of  that  island,  but  on  leaving  Bering 
3eA  a  few  stops  were  made  upon  the  fishing-grounds  south  of  the  Alaska 
Peninsula. 

SUme  Bank, — ^This  is  the  first  of  the  large  fishing-banks  which  is 
reached  after  entering  Bering  Sea  through  TJnimak  Pass.  As  defined 
by  the  surveys  of  the  Albatross,  it  begins  directly  off  the  Korthwest 
Gape  of  Unimak  Island^  is  elongate  in  shape  and  follows  approxi- 
mately the  trend  of  the  adjacent  coast  to  within  a  few  miles  of  Amak 
Island.  It  measures  about  85  miles  in  length  by  about  17  miles  in 
average  width,  and  thus  has  a  total  area  of  about  1,445  square  miles. 
The  inner  margin  of  the  bank  lies  only  a  short  distance  off  the  land 
and  the  depths  range  from  20  to  50  fathoms,  although  some  cod  were 
taken  in  deei)er  water.  The  bottom  consists  chiefly  of  sand,  gravel,  and 
pebbles,  changing  to  mud  on  the  offshore  limits. 

The  bank  derives  its  name  from  the  occurrence  of  immense  numbers 
Ota  large  jelly-fish,  brownish  or  rusty  in  color,  and  provided  with  long 
slender  tentacles,  having  great  stinging  powers.    These  jelly-fishes,  it 
i^flaid,  have  never  been  observed  at  the  surfiEbce,  but  seem  to  occupy 
an  intermediate  zone  toward  the  bottom,  where  they  occasion  much 
a&noyance  to  the  fishermen  by  becoming  entangled  about  their  fishing 
^ear,  and  in  this  way  are  often  brought  on  board  the  vessels.    It  is 
also  reported  that  sometimes  they  even  interfere  with  the  hooks  reach- 
Jog  bottom,  and,  by  covering  the  bait  and  lines  with  a  prickly  slime, 
nnder  the  former  unattractive  to  the  fish  and  the  latter  very  uncom- 
fortable to  handle.    In  the  early  part  of  the  season  not  much  trouble 
is  experienced  from  this  cause,  but  by  July  1  the  jelly-fishes  become  so 
tibjck  that  it  is  almost  useless  to  remain  longer  upon  the  bank,  and 
other  localities  farther  north  are  then  resorted  to.    Except  for  this 
unusual  phenomenon,  however,  the  advantages  for  fishing  on  Slime  Bank 
are  excellent.    The  largest  and  most  thrifty  looking  cod  were  taken 
by  the  Albatross  some  6  or  8  miles  from  shore,  but  fish  of  fair  size  and 
good  quality  were  plentifal  over  nearly  the  entire  bank.    Small  speci- 
mens of  halibut  were  also  secured  occasionally,  and  the  beam  trawl 
disclosed  a  rich  bottom  fauna.    Attempts  have  been  made  to  use  cod 
trawls  upon  this  bank,  but  without  success,  owing  to  the  obstacles 
which  the  jelly-fishes  interpose.    The  depths  of  water,  however,  are 
everywhere  so  moderate  that  hand  lines  can  be  employed  conveniently, 
and  that  is  the  only  method  of  fishing  now  followed. 

There  are,  unfurtunately,  no  available  harbors  for  fishing  vessels  along 
tbe  eoast  adjacent  to  Slime  Bank,  although  Shaw  Bay  offers  some  pro- 
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tection  from  southeast  to  southwest  winds.  Winter  fishing  woulfl 
therefore,  be  attended  with  much  danger  from  the  heavy  storms  whicl 
prevail  during  that  season,  and  operations  are  chiefly  limited  to  th^ 
summer  months.  According  to  Oapt.  Tanner,  a  well-found  schooner 
could  anchor  anywhere  on  the  bank  between  May  and  September,  witi 
an  even  chance  of  being  able  to  ride  out  any  gale  she  might  encounter 

Baird  Banky  so  named  by  Gapt.  Tanner  in  honor  of  the  late  Prol 
Spencer  F.  Baird,  is  the  largest  and  most  important  fishing-ground  ye' 
discovered  in  Bering  Sea.  Having  a  total  area  of  about  9,200  squan 
miles,  it  exceeds  in  size  Portlock  Bank,  the  largest  bank  south  of  th« 
Alaska  Peninsula,  by  2,400  miles,  and  Oeqrges  Bank,  the  second  larges* 
fishing-ground  in  the  North  Atlantic,  by  800  miles.  Oommencing  a  fe^ 
miles  east  of  Amak  Island,  it  extends  eastward,  just  off  the  northen 
coast  of  the  Alaska  Peninsula,  to  the  vicinity  of  Gape  Ghigagof,  ai 
the  mouth  of  the  IJgaguk  Biver,  a  distance  of  about  230  miles,  anc 
has  an  average  width  of  about  40  miles.  The  depth  of  water  ranges 
firom  15  to  50  fathoms,  and  the  bottom  corresponds  both  in  characte] 
and  in  the  richness  of  its  fauna  with  that  of  Slime  Bank.  The  a4ja 
cent  mainland  affords  a  weather  shore  during  southeast  winds,  anc 
Amak  Island  offers  fairly  good  protection  on  its  southeast  and  south 
west  sides.  Port  Moller  and  Herendeen  Bay,  which  were  partly  chartec 
by  the  Albatross ^  will  be  ports  of  call  when  they  are  better  known,  anc 
Port  Haiden  may  also  become  available  for  shelter  after  it  has  beei 
surveyed. 

The  examination  was  begun  at  the  western  end  of  the  bank,  and  waf 
(tarried  thence  northeastward,  the  conditions  improving  with  each  lin< 
of  stations  until  off  Port  Moller,  where  the  best  fishing  was  obtained 
Cod  were  taken  at  nearly  every  trial,  but  their  abundance  and  qualit] 
varied  with  the  locality,  the  largest  and  finest  specimens  having  beei 
secured  from  15  to  20  miles  from  shore,  in  depths  of  25  to  40  fathoms 
Beyond  the  Port  Moller  region  they  continued  abundant  and  of  gooc 
size  to  near  the  northern  end  of  the  bank.  The  extreme  head  of  Bristo 
Bay  has  no  value  as  a  cod-fishing  ground,  and  only  a  few  specimens  ii 
poor  condition  were  captured  here  and  there.  The  water  is  not  onl] 
too  fresh  for  this  species,  but  owing  to  the  strong  currents  produced  b] 
the  immense  discharge  from  several  rivers  and  by  the  tides  an  unusua 
amount  of  sand  and  mud  is  constantly  held  in  suspension. 

KuluJeaJe  Ground. — Kulukak  Bay  occupies  a  large  part  of  the  regioi 
included  between  Gape  Gonstantine  and  Gape  Newenham,  andcontainc 
Hagemeister  Island  and  the  Walrus  group.  Within  this  area  codfisli 
are  found  in  various  isolated  spots,  scarcely  entitled  to  the  name  o\ 
banks,  but  for  convenience  sake  the  name  of  Kulukak  Oround  has  been 
used  to  designate  them.  Extensive  shoals  occur  off  Hagemeister  and 
the  Walrus  Islands,  a  depth  of  6  fathoms  being  found  about  18  miles 
to  the  southward  of  the  latter.    The  principal  fishing-spots  are  outsidi 
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oftbese  shoals,  as  well  as  to  the  eastward  aud  westward  of  them,  and 
have  depths  of  12  to  15  fathoms.  The  bottom  in  this  region  consists 
generally  of  sand,  with  some  mud  and  gravel,  and  the  fauna  is  essen- 
tially the  same  as  on  Slime  and  Baird  banks.  Cod  are  plentifhl  at 
times,  bat  they  are  smaller  than  on  the  more  southern  grounds.  An 
exception  in  this  particular,  however,  has  been  reported  with  respect 
to  a  small  siK)t  called  Gravel  Bank,  situated  about  16  miles  SSW.  from 
the  Boathem  end  of  Hagemeister  Island,  in  depths  of  16  to  20  fathoms, 
bat  its  extent  is  inconsiderable.  Small  fish  predominate  among  the 
idands  of  the  Walrus  group,  but  larger  ones  may  be  taken  in  some  of 
the  indentations  and  on  some  of  the  rocky  patches.  The  Kulukak 
groonds  were  formerly  resorted  to  by  a  few  vessels,  but  they  are  not 
Tisited  at  present. 

God  were  iound  to  be  abundant  in  the  vicinity  of  Cape  Peirce,  buty 
owing  to  the  number  of  diseased  fish  among  them,  this  ground  has  been 
named  Hospital  Bank  by  the  fishermen.  Off  Cape  Newenham  no  cod 
were  taken,  and  it  is  supposed  that  their  absence  may  be  due  to  the 
gieat  volume  of  fresh  water  issuing  from  the  Kuskokwim  Biver. 

Port  Moller  and  Herendeen  Bay. — ^The  recent  opening  of  a  coal  mine 
near  the  head  of  Herendeen  Bay  has  called  particular  attention  to 
tMslocahty,  and  it  was  visited  twice  by  the  steamer  Alba^roas  during 
the  sunmier  of  1890.  Although  the  first  purpose  in  going  there  was 
to  obtain  a  supply  of  coal,  partial  surveys  were  made  which  now  render 
these  inlets  accessible  to  fishing  vessels  during  stormy  weather.  Port 
Holler  and  Herendeen  Bay  are  closely  adjacent  to  one  another,  and 
open  on  the  north  side  of  the  peninsula,  the  principal  passage  into  the 
latter  being  by  way  of  Port  Moller  entrance.  They  are  located,  as 
before  explained,  in  the  vicinity  of  the  best  fishing-grounds  on  Baird 
Bank,  aud  their  availability  for  shelter  is  an  important  consideration 
for  the  fishermen.  Should  this  locality,  moreover,  become  a  coaling 
center,  it  will  increase  the  number  of  vessels  resorting  to  the  region, 
3Qd  tend  greatly  to  develop  its  resources. 

The  entrance  to  the  mine  which  has  just  been  opened,  and  from 
^hich  the  Albatross  received  the  first  output  of  coal,  is  about  1^  miles 
from  the  water  front,  on  the  east  side  of  the  head  of  Herendeen  Bay, 
the  coal  being  transported  to  the  landing  over  a  tramway  operated  by 
Ismail  steam  motor.  A  small  bight  at  this  place  has  been  called 
Hine  Harbor.  The  survey  made  by  the  Albatross  has  defined  the 
entrance  to  Port  Moller  and  the  channel  thence  through  Herendeen 
Bay  to  its  extreme  upper  part,  where  there  are  good  places  for  beaching 
and  repairing  small  vessels,  the  rise  and  fall  of  the  tide  amounting  to 
15  feet,  and  where  fresh  water  and  fuel  can  readily  be  procured  in  any 
quantity. 

The  Herendeen  Bay  coal  was  used  on  board  the  Albatross  with  sat- 
isfactory results,  but,  owing  to  the  lack  of  proper  screening  facilities, 
much  fine  material  and  dirt  was  delivered  with  it,  and  it  was  found 
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neoessarj  to  bara  from  20  to  25  per  cent  more  of  it  to  obtain  the  sam 
resnlts  as  with  a  fisbir  quality  of  Wellington  coal.  Capt.  Tanner  states 
however,  that  considering  that  it  was  taken  from  a  vein  near  the  s 


fiftce,  the  extra  amount  required  to  furnish  the  same  quantity  of  stea 
will  not  seem  excessive.  It  was  shown  that  the  coal  possesses  meri 
and  it  will  doubtless  improve  with  the  development  of  the  deeper  vein^. 

South  of  the  AktsJca  Penimula. — While  on  the  way  south  from  Berin  ^ 
Sea  in  September,  1890,  a  line  of  dredgings  and  soundings  was  carrier/ 
along  the  line  of  islands  lying  off  the  PaciAc  coast  of  this  peninsula. 
From  off  the  Trinity  Islands  the  soundings  were  continued  in  deep 
water  as  &r  south  as  the  Queen  Charlotte  Islands.  The  deep  ocean 
troagh  described  in  former  reports  as  lying  south  of  the  Aleutian 
Islands  and  the  peninsula,  and  trending  in  the  same  general  direction, 
was  traced  as  far  west  as  latitude  66°  02'  N.,  longitude  151o  12'  W., 
which  is  to  the  southeastward  of  Kadiak  Island. 

Southeastern  Alaska, — Practically  nothing  has  yet  been  done  toward 
investigating  the  fishery  resources  of  southeastern  Alaska,  all  of  the 
time  suitable  and  available  for  work  in  northern  latitudes  since  the 
Alb€^tro8S  arrived  in  the  North  Pacific  having  been  spent  off  the  south- 
em  coast  of  the  Alaska  Peninsula  and  in  Bering  Sea.  During  July, 
1889,  however,  a  trip  was  made  through  the  inland  passages  of  the 
southeastern  part  of  the  Territory  as  far  as  Juneau,  with  several  mem- 
bers of  the  Senate  Committee  on  Indian  Affairs,  who  were  desirous  of 
inspecting  the  principal  Indian  settlements.  The  steamer  left  Tacoma 
on  July  8,  and  returned  on  the  28th  of  the  same  month.  Stops  were 
made  at  Port  Tongass,  Port  Chester,  Karta  Bay,  Port  Wrangall,  Sitka, 
Pavloff  Harbor,  Hoonyah  Bay,  Portage  Bay,  Chilkat,  and  Juneau. 
Several  important  fishing  stations  and  canneries  were  visited,  and 
some  investigations  were  made  by  means  of  the  beam  trawl,  and  other 
kinds  of  fishing  apparatus.  Good  photographic  views  were  also  ob- 
tained of  Patterson,  Muir,  and  Davidson  glaciers. 

WASHIT^aTON,  OREGON,  AND  CALIFORNIA. 

Puget  Sound  to  Cape  Mendocino j  California. — The  investigations  begun 
in  this  region  in  1888  were  continued  as  far  south  as  Cape  Mendocino 
during  the  latter  part  of  the  summer  and  the  fall  of  1889,  and  again  for 
a  short  time  in  the  fall  of  1890.  This  completed  the  preliminary  exam- 
ination regarding  the  general  features  of  the  continental  platform  within 
these  limits,  and  the  location  and  principal  resources  of  the  fishing- 
grounds.  Very  few  soundings  had  been  made  on  this  coast  previous 
to  the  surveys  of  the  steamer  Albatross y  in  1888,  and  none  outside  of  the 
50-fathom  curve.  The  hydrographic  work  thus  far  accomplished  by  the 
Albatross  affords  the  necessary  information  to  define  the  contour  of  the 
bottom  into  depths  of  at  least  200  fathoms,  and  as  the  fisheries  for  a 
considerable  time  to  come  will  not  be  carried  beyond  the  100-fiathom 
curve,  the  characteristics  of  the  bottom  observed  within  those  limits 
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^yq  sufflcient  for  all  immediate  considerations  in  connection  witli  fishery 
Matters.  The  distance  of  the  100-fathom  cnrve  from  shore  varies  in 
different  places  from  7  to  40  miles,  avera^ng  broadest  at  the  north, 
^^d  becoming  reduced  to  from  7  to  9  miles  off  Gape  Orford,  Trinidad 
Head,  and  Cape  Mendocino.  The  superficial  area  of  the  submerged 
platform  within  this  depth  is  computed  at  3,700  square  miles  for  the 
Outer  coast  of  Washington,  4,750  square  miles  for  the  coast  of  Oregon, 
and  1,160  square  miles  for  the  coast  of  California  north  of  Cax>e  Men- 
docino, a  total  of  9,610  square  miles. 

The  soundings  off  Cape  Flattery  are  irregular  and  suggest  the  exist- 
ence of  submarine  ridges  trending  parallel  with  the  coast.  A  semi- 
circular depression,  with  depths  of  100  to  nearly  200  fathoms,  was  found 
between  Cape  Flattery  and  Flattery  Eocks,  at  a  distance  of  about  10 
miles  from  shore.  From  the  latter  place  to  Yaquina  Head  the  depths 
increased  regularly  toward  the  sea,  except  upon  the  rocky  bank  off 
Orays  Harbor  and  Willapa  Bay,  where  elevations  of  a  few  fathoms 
oecnr.  A  triangular  platform  having  depths  under  100  fathoms  lies 
between  Yaquina  Head  and  IJmpqua  Biver,  Heceta  Bank  being  located 
upon  it4»  southwestern  extremity.  Thence  to  Cape  Mendocino  the  sound- 
ings are  regular. 

Distinct  fishing-grounds  in  this  region  are  few  in  number  and  of 
small  extent,  the  principal  ones  being  the  following :  Flattery  Bank  has 
an  area  of  about  1,100  square  miles,  with  a  least  depth  of  27  fietthoms. 
Halibut  and  other  fishes  have  been  taken  upon  it  in  considerable 
numbers  for  some  years  past.  The  former  species  occurs  in  greatest 
abundance  on  a  very  rough,  rocky  bottom,  having  an  extent  of  about 
35  square  miles  near  the  southeastern  end  of  the  main  bank.  A  small 
bank  covmng  about  110  square  miles  and  with  a  least  depth  of  42 
&tlieni8  lies  23  miles  W.  by  S.  (magnetic)  from  Toke  Point  light-house, 
WiSapa  Bay.  The  bottom  consists  of  sand  and  mud  with  rocky  patches. 
Another  bank  having  an  area  of  only  about  40  square  miles,  with  the 
same  minimum  depth  as  the  preceding,  and  with  a  bottom  of  clay,  mud, 
and  rock,  is  located  19  miles  99W.  J  W.  from  Yaquina  light-house. 
Heceta  Bank,  the  largest  fishing-ground  south  of  Cape  Flattery  on  this 
part  of  the  coast,  is  situated  35  miles  SW.  }  W.  frt>m  Heceta  Head, 
Oregon,  and  has  an  area  of  about  600  square  miles.  The  least  depth,  41 
&thoms,  has  been  found  near  its  southern  end,  where  the  bottom  is 
rocky  and  rough. 

Only  occasional  sx>ecimens  of  halibut  were  taken  off  Flattery  Bocks 
and  Tillamook  Bock  and  on  Heceta  Bank.  Several  species  of  rock-cod 
were  generally  distributed  along  the  coast,  as  well  as  on  the  banks, 
and  Sounders  were  found  everywhere,  being  especially  abundant  in 
depths  of  SO' to  1<H)  fathoms.  The  flat  surfia^ce  of  the  plateau  is  partic- 
ularly rich  in  the  latter  group  of  fishes,  and  is  destined  to  become  a 
&vorite  ground  for  the  beam  trawl  when  that  method  of  fishing  is  intro- 
duced.   Gultus-cod  occur  on  all  the  banks  and  on  Orford  Beef,  while 
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the  black-cod  inhabits  tLe  deeper  waters,  half-giowii  iudividaals  afe^ 
beiug  found  iu  moderate  depths,  together  with  the  liug  or  Pacific  whit^ 
ing.    Large  red  prawns  of  excellent  quality  are  likewise  very  abundant 
and  widely  distributed,  having  been  captured  frequently  in  consid- 
erable numbers  in  the  beam  trawl. 

Although  gales  ai'e  of  rare  occurrence  in  this  region  during  the  sum- 
mer months,  yet  the  coast  winds  blow  constantly  from  the  northward 
and  maintain  a  boisterous  sea  and  strong  currents.  During  the  fall 
and  winter  southeasterly  storms  are  frequent.  Owing  to  the  scarcity 
of  good  harbors,  the  fishermen  have,  therefore,  many  hardships  to  con- 
tend with,  and  the  lack  of  sufficient  markets  to  handle  a  large  catch 
interferes  at  present  with  the  rapid  development  of  the  fishery. 

Cape  Mendocino  to  Point  Conception^  California. — During  March  and 
April,  1890,  the  coast  waters  between  Point  Arena  and  the  Santa  Bar- 
bara Channel,  including  the  important  fishing-grounds  off  San  Fran- 
cisco, were  surveyed  by  the  Albatross j  and  in  September  of  the  same 
year  the  region  from  Gape  Mendocino  to  Point  Arena  was  examined, 
thereby  completing  the  preliminary  investigations  on  the  Oalifornia 
coast.  Gapt.  Tanner  reports  that  he  found  the  slope  veiy  abrupt  near 
Gape  Mendocino,  but  it  gradually  widens  toward  the  south,  the  200- 
fathom  curve  off  Point  Arena  being  distant  about  12  miles  fit)m  shore. 
There  are  no  fishing-banks  properly  so  called  within  these  limits,  but 
the  same  fishes  which  are  commonly  met  with  farther  north  are  distrib- 
uted also  through  this  district,  and  the  beam  trawl  may  be  used  off 
Point  Arena,  although  some  rocky  patches  occur  in  places. 

Between  Point  Arena  and  Point  Gonception  the  width  of  the  conti- 
nental platform  into  depths  of  200  fathoms  varies  considerably,  the 
extreme  range  being  from  less  than  1^  to  26  miles.  Within  these  boun- 
daries the  most  active  fisheries  on  the  Galifornia  coast  are  now  being 
conducted.  The  character  of  the  bottom  is  generally  very  uniform, 
the  area  between  the  Golden  Gate,  Point  Pillar,  the  FaraUones,  and 
Point  Beyes  being  sandy  and  free  from  rocks,  except  in  the  immediate 
vicinity  of  the  islands  or  of  the  shore.  South  from  Pillar  Point  rocky 
patches  frequently  occur  near  the  shore,  with  fine  gray  sand  farther 
off,  finally  merging  into  green  mud  at  varying  distances  from  the  laud. 
Bocky  spots  also  exist  in  depths  of  30  to  70  fathoms  on  sand  and  mud 
bottoms. 

One  hundred  and  eleven  trawling  and  fishing  stations  were  made  in 
this  region,  and  a  very  large  variety  of  fishes  was  obtained,  many  being 
of  excellent  food  quality.  Flounders,  including  several  choice  edible 
species,  composed  the  principal  features  of  every  haul.  The  beam 
trawl  and  other  corresponding  forms  of  drag  nets  are  the  only  apph- 
ances  by  which  these  forms  can  readily  be  secured.  Several  speciea  of 
rockfish  were  also  common. 
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Oyster  investigationSy  8(m  Franoisco  Bay. — Investigatioiis  having  for 
their  object  to  determine  if  the  waters  of  San  Francisco  Bay  are  suit- 
able for  the  breeding  of  the  Atlantic  coast  oyster  {Ostrea  virginiea) 
have  been  conducted  by  Mr.  Charles  H.  Townsend,  natoralist  of  the 
steamer  Albatross^  daring  sach  periods  as  that  steamer  has  been  de- 
tained at  San  Francisco  or  Mare  Island.  These  inquiries  have  been 
carried  to  all  parts  of  the  main  bay  and  to  San  Pablo  Bay,  and  have 
had  reference  to  the  temperature  and  density  of  the  water,  the  character 
of  the  bottom,  and  the  actual  attachment  and  growth  of  spat  derived 
firom  the  planted  beds.  The  results  are  very  gratifying,  and,  whUe  not 
conclusive  on  all  points,  they  seem  to  indicate  that  the  conditions 
existing  in  some  portions  of  the  bay  are  not  unfavorable  to  the  estab- 
lishment  of  self-sustaining  colonies  of  the  eastern  oyster. 

The  oyster  industry  of  the  Pacific  coast,  exclusive  of  the  trade  in  the 
snuJl  indigenous  species,  has  never  extended  beyond  San  Francisco 
Bay,  where  it  is  restricted  to  the  growing  or  fattening  of  seed  or  year- 
^g  oysters,  brought  annually  in  large  quantities  from  the  Atlantic 
coast.  This  method  of  transplanting  oysters  has  been  practiced  ever 
since  the  completion  of  the  first  overland  railroad,  and  a  supply  of  the 
^^stem  si>ecies  has  thereby  been  constantly  maintained  in  the  waters 
of  San  Francisco  Bay,  yet  it  has  generally  been  understood  that  no 
^^taral  increase  has  taken  place  in  this  region.  To  account  for  thi^ 
^^pposed  feulure  to  propagate,  it  has  been  assumed  that  the  tempersr 
^"^iieof  the  water  during  the  breeding  season  is  lower  than  it  should 
,^^  but  the  subject  has  never  been  investigated  and  practically  nothing 
^^iifi  been  known  regarding  it. 

While  the  observations  of  Mr.  Townsend  were  limited  to  a  few 
^^onths  in  each  year,  temperature  data  covering  all  seasons  have  been 
Obtained  from  other  sources,  and  these  lead  to  the  conclusion,  based 
Xipon  a  comparison  with  the  eastern  coast,  that  the  water  temperature 
^^  at  least  the  southern  part  of  San  Francisco  Bay  is  sufficiently  high 
'^  fnlfill  all  the  necessary  requirements  of  reproduction.    Any  failure 
'%o  produce  spat  would  therefore  have  to  be  traced  to  other  causes;  but, 
^tfi  a  matter  of  fact,  Mr.  Townsend  finds  that  the  Ostrea  virginiea  does 
^reed  in  this  region  and  that  the  young  attaches  itself  under  suitable 
^xmditions.    To  what  extent  this  prevails,  however,  can  only  be  deter- 
:)nined  after  a  more  complete  study  of  the  bottom.    The  largest  and 
:^no6t  important  tract  of  oyster  propagation,  according  to  Mr.  Town-' 
men6y  is  the  region  of  the  natural  shell  banks  of  native  oysters  along 
'the  east  side  of  the  bay,  beginning  at  Bay  Farm  Island  and  extending 
"well  southward  and  offshore  into  the  deeper  water.    Here  wild  oysters 
of  the  Atlantic  coast  type  may  be  found  during  the  low  tides  which 
expose  the  outer  portions  of  the  shell  banks.    They  are  numerous,  and 
^hen  the  tide  is  sufficiently  low  it  is  possible  to  gather  them  by  hand, 
:Tanging  in  size  from  yearlings  to  specimens  several  years  old.    Consid- 
erable quantities  are  obtained  annually  in  this  region,  and  sAso  ono\k^ 
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Bmaller  tracts  fortber  soath,  £Dr  transplaotiBg  to  the  cultivated  beds. 
Oysters  of  the  same  species  were  likewise  found  at  greater  distanoee 
from  the  planted  beds,  in  San  Leandro  Bay  and  at  Sheep  Island  and 
Point  San  Pedro,  attached  to  rocks  and  to  piles  driven  in  the  bottom, 
leaving  no  room  for  donbt  that  they  had  originated  through  the  spawn- 
ing of  oysters  in  the  bay. 

OFF  MEXICO,  OENTSAIi  AHEBIOA,  AND  TH£  GALAPAGOS  ISLANDS. 

On  January  30, 1890,  the  steamer  Albatross  left  San  Francisco  for 
Panama  to  engage  in  a  special  scientific  inquiry,  authorized  by  the 
President  of  the  United  States.  The  expedition  was  under  the  direc- 
tion of  Prof.  Alexander  Agassiz,  director  of  the  Museum  of  Compara- 
tive Zoology  at  Harvard  College,  who  also  paid  a  large  proi)ortion  of 
the  expenses  incidental  to  the  cruise.  The  area  marked  out  for  inves- 
tigation lay  off  the  western  coast  of  Mexico  and  of  Central  and  South 
America,  from  Cajye  San  Francisco  in  the  south  to  Guaymas  in  the 
north,  and  extended  seaward  to  and  including  the  Galapagos  Islands. 
The  biological  and  physical  features  of  this  region,  as  well  as  the  con- 
tour and  character  of  the  bottom,  except  in  the  vicinity  of  the  coast, 
were  then  almost  entirely  unknown,  the  Albatross  having  made  only  a 
few  observations  there  during  the  voyage  from  Washington  to  San 
Francisco,  while  H.  M.  S.  Challenger j  during  her  famous  expedition 
around  the  world,  sailed  directly  from  the  Sandwich  Islands  to  Chile, 
and  thence  into  the  Atlantic  Ocean. 

The  present  inquiry  had  reference  mainly  to  the  natural  history  and 
temperature  of  the  deeper  waters  oflF  the  coast,  at  the  bottom  and  sur- 
face, and  also  at  intermediate  depths.  The  ordinary  outfit  of  the  ATbor 
trossj  frequently  described  in  previous  reports,  was  well  adapted  to  the 
greater  part  of  the  observations,  but  for  collecting  organic  forms  at 
intermediate  depths  a  new  form  of  net  was  improvised  by  Capt.  Tan- 
ner, and  gave  entire  satisfaction.  It  is  so  arranged  that  after  being 
lowered  and  dragged  for  any  desired  distance  through  the  water  it 
may  be  tightly  closed  by  the  falling  of  a  messenger,  thus  preventing 
any  objects  from  entering  it  while  it  is  being  hauled  on  board.  It  is, 
therefore,  well  suited  for  determining  the  character  and  amount  of 
animal  life  at  any  depth  below  the  surface,  without  the  danger  of  its 
contents  being  added  to  at  other  levels.  An  appliance  of  this  sort 
would  have  been  of  material  assistance  in  the  researches  hitherto  made 
respecting  the  mackerel-grounds  on  the  Atlantic  coast  of  the  United 
States,  and  it  is  proposed  to  utilize  the  new  invention  during  the  future 
investigations  in  that  region. 

Beginning  off  Cape  Mala,  near  Panama,  a  line  of  stations  was  carried 
to  Cocos  Island,  and  thence,  with  some  deviation  toward  the  south,  to 
Malpelo  Island  and  back  to  Panama,  where  several  short  lines  were 
run  immediately  outside  of  the  100-fathom  curve.    On  the  second  cruise 
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the  steamer  proceeded  first  to  the  vicinity  of  Cape  San  Francisco, 
thence  to  the  Galapagos  Islands,  and  from  there  to  Acapulco.    Subse- 
quently, dredgings  were  made  from  off  Cape  Corrieutes  to  Guaymas,  in 
the  Oalf  of  California.    The  greatest  depth  of  water  explored  was  2,232 
fathoms.    Short  stops  were  also  made  at  the  different  islands  lying  in 
the  course  of  the  expedition,  for  the  purpose  of  studying  the  land  and 
shallow- water  animals  and  plants.    While  it  was  observed  that  the 
narine  &una  of  this  region  is  not  so  rich  as  that  occupying  the  corre- 
^K)]iding  waters  off  the  east  side  of  the  continent,  very  large  collections 
vrere  secured,  and  the  general  results  obtained  are  of  great  importance. 
3ooii  after  this  material  was  received  in  Washington  the  different 
Sv^eaps  were  carefully  sorted  out,  and  the  greater  number  have  already 
t>e«a  assigned  to  specialists  for  study  under  the  direction  of  Professor 
^-Ciassiz. 

One  of  the  most  important  outcomes  of  the  exx>edition  has  been  the 

(l^tormination  by  Proil  Agassiz,  through  the  instrumentality  of  the 

Intermediate  towing  net,  of  the  vertical  distribution  of  the  surface 

pelagic  fiMina,  which  he  considers  to  descend  only  to  a  depth  of  about 

^O€&thom8.    Some  forms  among  the  bottom  animals  may  work  up  a 

diofamce  of  several  fathoms,  but  between  these  levels  in  the  open  sea 

1m  finds  no  evidences  of  life.    Regarding  this  subject  there  are  still 

aome  differences  of  opinion  among  explorers,  and  further  investigations 

will  be  awaited  with  much  interest.    As  a  solution  of  the  problem  may 

^?e  some  bearing  upon  the  study  of  the  habits  of  the  Atlantic  coast 

ii^ackerel  during  its  migrations  in  the  deeper  water,  the  practical 

ioiportsuice  of  continuing  the  experiments  can  readily  be  appreciated. 

Detailed  accounts  of  this  investigation  will  be  found  in  the  report 

of  Oapt.  Tanner,  contained  in  the  appendix  to  this  volume,  and  in  the 

publications  of  the  Museum  of  Comparative    Zoology,  Cambridge, 

Mass.* 

*  Three  letters  from  Alexander  Agassiz  to  the  Hon.  Marshall  McDonald,  U.  S.  Com- 
Btittioner  of  Fish  and  Fisheries^  on  the  dredging  <^erations  off  the  west  coast  of 
^tral  America  to  the  Galapagos,  to  the  west  coast  of  Mezico,  and  in  the  Gulf  of 
California,  in  charge  of  Alexander  Agassiz,  carried  on  hy  the  U.  S.  Fish  Commission 
^^ottier  Albatrost,  Lieut.  Commander  Z.  L.  Tanner,  U.  S.  N.,  commanding.  BuU.  Mus. 
Comp.  ZooL,  XXI,  No.  4,  pp.  185-200, 1891. 

Gtneral  sketch  of  the  expedition  of  the  Albatross ,  from  February  to  May,  1891. 
By  Alexander  Agassiz.  Bull.  Mus.  Comp.  Zool.,  xxiii,  No.  1,  pp.  1-89,  plates  1-22,  in- 
^Qding  a  detailed  chart  of  the  explorations,  1892. 

^^mocrtiiiM  diomedm,  a  new  stalked  crinoid.  By  Alexander  Agassiz.  Mem.  Mus. 
^inp.  ZooL,  xvu,  No.  2, 96  pp.,  32  plates,  1892. 
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ATLANTIC  COAST. 

OYSTER  INVESTIGATIONS. 

LONG  ISLAND  SOUND. 

The  steamer  Fish  Hawk^  Lieut.  Bobert  Piatt,  U.  8.  N.,  commanding^ 
was  at  work  upon  the  oyster-grounds  of  Long  Island  Sound  during 
part  of  both  1889  and  1890.    In  the  former  year  the  investigations 
begun  on  August  18  and  terminated  on  October  8;  in  the  latter  yearns 
they  continued  from  June  11  until  October  16. 

During  the  season  of  1889,  Dr.  C.  F.  Hodge,  of  Clark  University,  <^ 
served  as  naturalist,  and  the  operations  were  restricted  chiefly  to  dredg-  — 
ing  on  and  about  the  oyster  beds,  and  to  experimenting  with  traps  and  J 
other  devices  intended  for  the  capture  of  starfishes.  Certain  state-  — 
ments  having  gained  currency,  to  the  effect  that  the  waters  of  Long -3 
Island  Sound  do  not  interchange  freely  with  the  waters  of  the  open  ^tf 
ocean,  and  are  thereby  rendered  more  or  less  stagnant  and  impure^ 

from  the  accumulation  of  town  sewage  and  the  effects  of  the  dumping 

grounds,  to  the  serious  detriment  of  the  oyster  beds,  the  greater  part-^ 
of  the  season  of  1890  was  occupied  in  making  x)hysical  and  chemical — '- 
investigations  to  determine  the  actual  sanitary  condition  of  the  region, 
but  after  their  completion  the  dredging  and  natural-history  work  was 
again  taken  up.  Mr.  E.  E.  Haskell  was  detailed  by  the  Superintendent 
of  the  U.  S.  Coast  and  Geodetic  Survey  to  conduct  the  physical  inqui- 
ries, while  Mr.  Fred  Neher,  of  Princeton  College,  was  employed  to  make 
the  chemical  observations.  The  natural-history  work  was  attended  to 
by  Mr.  James  E.  Benedict,  of  the  U,  S.  National  Museum,  and  Mr.  W.  0. 
Kendall,  of  the  Fish  Commission. 

The  natural  oyster  beds  of  Connecticut  are  restricted  to  the  bays  and 
inlets  and  to  the  shallow  waters  near  the  shore,  extending  sometimes, 
however,  into  depths  of  3  to  5  fathoms.  The  artificial  or  planted  beds 
are  for  the  most  part  outside  of  the  natural  ones,  and  they  have  been 
carried  in  some  instances  as  far  as  the  middle  of  the  sound,  and  into 
depths  occasionally  of  13  to  14  fathoms.  Both  the  natural  and  planted 
beds  are  mostly  limited  to  the  western  half  of  the  sound,  comparatively 
few  areas  occurring  to  the  eastward  of  New  Haven  Harbor.  The  Fish 
Commission  obtained  for  its  use,  through  the  courtesy  of  the  State  Fish 
Commission,  a  complete  set  of  the  engineer's  charts  showing  the  exact 
position  of  all  the  grounds  sold  for  planting  purposes.  The  same  data 
has  since  been  published  by  the  Connecticut  Bureau  of  Labor  Statistics 
on  a  smaller  scale,  and  in  a  very  convenient  form  for  reference.  An 
examination  of  these  charts  shows  that  the  area  of  bottom  which  has 
been  sold  for  oyster  purposes  is  relatively  very  large,  covering  up  to 
1889  a  total  extent  of  over  78,000  acres.  It  must  be  borne  in  mind,  how- 
ever, that  not  all  of  this  bottom  has  been  planted  with  oysters;  in  some 
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parts  of  the  region  the  proportion  under  cultivation  is  relatively  small, 
and  a  part  of  the  designated  area  is  unsuited  to  oyster-planting  in  its 
present  condition.  Just  what  extent  of  bottom  is  now  in  actual  use 
it  has  been  impossible  to  ascertain. 

The  waters  of  Long  Island  Sound  within  the  territory  of  Oonnecticut 
(the  State  line  being  midway  of  the  sound)  are  divided  into  a  number 
<>f  districts  by  straight  lines  extending  due  north  and  south,  each  dis- 
^ct  being  named  after  the  adjacent  township.    In  nearly  all  of  the 
Western  districts  a  certain  area  has  been  set  aside  as  a  dumping-ground 
^ot  the  materials  dredged  up  in  the  course  of  the  improvements  in  the 
Neighboring  harbors  and  river  mouths.    While  these  dumping-grounds 
^ve  well-defined  boundaries,  and  it  is  intended  that  no  refuse  shall  be 
deposited  elsewhere,  they  have  come  to  have  a  rather  unenviable  repu- 
tation among  the  oystermen,  who  consider  them  the  source  of  many  of 
tbeir  troubles. 

While  the  attention  of  the  Fish  Commission  was  first  requested 
boward  the  depredations  of  starfishes  upon  the  oyster  beds,  so  many 
>ther  questions  have  since  been  raised  respecting  the  conditions  of 
bhe  latter  that  it  has  become  necessary  to  greatly  increase  the  scope 
>f  the  inquiry  and  to  give  it  rather  the  character  of  a  general  inves- 
tigation. 

In  1889  the  work  was  begun  in  the  Norwalk  district  and  was  car- 
ried thence  eastward  through  the  Westport,  Fairfield,  Bridgeport, 
Stratford,  and  Milford  districts,  into  Orange  district.  Dredgings  were 
made  at  firequent  intervals,  and  sometimes  under  guidance  of  the 
owners  of  oyster  territory,  who  were  able  to  indicate  particular  locali- 
ties where  starfishes  were  then  abundant.  The  oyster  traps  were  also 
Bet  under  many  different  conditions,  but  always  with  practically  nega- 
tive results,  as  explained  below.  In  1890  the  physical  and  chemical 
examinations  occupied  nearly  all  the  time  from  the  beginning  of  the 
season  until  the  middle  of  September.  Self-registering  tide  gauges 
were  first  established  at  Few  London  and  Few  Haven,  Conn.,  and  at 
WiUets  Point,  I^.  T.,  after  which  observations  upon  the  direction  and 
velocity  of  the  currents  were  made  at  regular  intervals  between  the 
mouth  of  the  Connecticut  Bi ver  and  East  Biver,  by  means  of  the  Bitchie- 
Haskell  electrical  meter.  The  chemical  analyses  of  the  water  were  con- 
ducted in  the  same  connection,  and  covered  samples  taken  from  every 
variety  of  location,  from  the  harbors  and  river  mouths  to  the  outer  and 
deeper  portions  of  the  sound.  The  subsequent  dredging  operations 
w^e  chiefly  restricted  to  Bridgeport  and  Stratford  districts,  and  were 
carried  on  with  greater  detail  and  precision  than  in  1889,  stations  being 
made  at  regular  intervals  of  half  a  mile  in  both  directions.  In  this 
manner  it  was  expected  to  obtain  a  continuous  record  showing  the 
eharaeter  and  condition  of  the  bottom. 

Both  the  physical  and  chemical  investigations  were  conclusive  in 
demonstrating  that,  so  far  as  regards  the  general  conditions  of  the 
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waters  in  Long  Island  Sound,  the  oyster-growers  have  nothing  to  feat 
for  the  safety  of  their  beds,  no  great  amount  of  pollution  having  been 
found  at  any  place  examined,  and  the  interchange  of  waters  with  the 
open  sea  being  sufficient  also  to  insure  their  purity  far  above  the  stand- 
ard required  for  oyster-raising.  Much  has  been  learned  with  respect 
to  the  present  condition  of  the  oyster  beds  and  of  the  adjacent  bottom, 
and  as  to  the  natural-history  features  of  the  region,  including  the  habits 
of  starfishes;  but  no  new  methods  have  been  discovered  for  the  destruc- 
tion of  this  enemy,  although  suggestions  have  been  offered  which  may 
prove  of  some  value. 

During  the  course  of  the  investigation  it  was  not  observed  that  any 
of  the  oyster  beds  were  being  harmed  to  any  appreciable  extent  by  tiie 
growth  of  sponges  or  worm  tubes,  the  latter,  however,  having  occa- 
sioned some  loss  in  1882  in  the  vicinity  of  New  Haven.  The  large  win- 
kles (Fulgur  and  Sycotypus)  are  said  to  do  a  greater  or  less  amount  of 
damage,  but  no  instance  of  their  destructiveness  came  directly  to  the 
attention  of  the  party,  and,  owing  to  their  size,  they  may  readily  be 
detected  and  removed.  The  oyster- growers  claim,  moreover,  that  when 
they  have  once  been  cleaned  from  the  beds  they  give  them  no  further 
trouble  during  the  same  year,  and  they  also  state  that  they  are  rapidly 
decreasing  in  abundance,  due  no  doubt  to  the  numbers  which  are  de- 
stroyed annually,  together  with  their  conspicuous  egg  capsules.  The 
drills  and  starfishes  dispute  the  title  of  being  the  most  destructive  of  the 
oyster  pests,  the  former  operating  chiefly  in  the  more  brackish  and  shal- 
low waters,  and  the  latter  invading  all  other  territory,  although  not 
entirely  absent  from  the  former.  The  drill,  however,  feeds  generally  on 
smaller  oysters  than  the  starfish,  and  the  extent  of  its  damage  is  less 
appreciated  by  the  oystermen.  The  starfish,  therefore,  is  usually  most 
dreaded,  and  very  justly  so,  in  the  more  open  waters  of  the  Sound, 
where  the  great  majority  of  the  beds  are  situated. 

It  is  unnecessary  in  this  connection  to  enumerate  the  mass  of  facts 
that  has  been  obtained  to  show  the  amount  of  damage  caused  annually 
by  these  two  enemies  of  the  oyster.  In  fact,  it  is  very  difficult  to  esti- 
mate the  money  value  of  the  losses,  which  may  include  only  the  outlay 
in  the  planting  and  tending  of  the  beds,  or  extend  to  the  prospective 
profit  on  the  crop  after  it  has  matured.  An  invasion  by  starfishes  may 
be  detected  early  enough  to  insure  their  being  dredged  up  before  they 
have  accomplished  much  injury.  Otherwise  they  may  succeed  in  de- 
stroying a  portion  of  a  bed,  or  even  an  entire  bed  of  large  area,  and 
they  generally  appear  suddenly,  without  any  warning. 

Opinions  differ  as  to  the  months  during  which  starfishes  are  most 
destructive.  The  evidence  collected,  however,  tends  to  prove  that  they 
are  feeding  on  or  about  the  beds  during  the  entire  year,  and  when  the 
food  in  one  locality  is  exhausted  they  move  elsewhere,  the  places  where 
they  congregate  and  do  the  most  damage  changing  more  or  less  from 
year  to  year.    The  breeding  season  appears  to  extend  over  nearly,  if 
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not  qaite,  three  months— firom  June  to  AnguRt.    It  is  the  popular  belief 
that  during  a  part  of  this  period  the  starfish  bunch  up  in  large  clusters, 
the  supposition  being  that  this  habit  may  have  some  relation  to  the 
gpaiming  functions.    Both  this  occurrence  and  the  reasons  assigned  for 
it  may  be  true,  and  it  seems  very  probable  that  the  starfish  do  some- 
times collect  togetiier  in  large  masses,  but  this  can  also  be  explained,  in 
a  measure,  as  an  incident  of  their  feeding.    It  has  been  noticed,  in 
connection  with  the  large  invasions,  that  these  animals  clean  the  beds  up 
very  thoroughly  as  they  go.    It  can  well  be  imagined  that,  on  reaching 
a  new  ground,  the  first  arrivals  begin  to  feed  at  once,  while  those  in 
the  rear,  pressing  forward,  pile  up  over  them,  forming  for  the  time  a 
sort  of  windrow,  but  these  conditions  would  probably  not  continue  long. 
The  rate  of  movement  attained  by  a  body  of  starfishes  when  invading 
an  oyster-ground  has  been  variously  estimated,  but  the  observations  in 
lespeet  to  this  matter  must,  for  the  most  part,  be  very  unreliable.   One 
planter,  however,  has  informed  us  on  good  authority  that  a  dense  line 
of  starfishes  advanced  about  2,000  feet  over  one  of  his  beds  in  the  course 
of  four  days,  while  his  steamers  were  engaged  in  dredging  them.    In 
connection  with  some  experiments  made  by  Dr.  Hodge,  specimens  of 
medinm  size  were  seen  to  move  at  the  rate  of  6f  to  11^  inches  per  min- 
ute, and  if  this  rate  were  to  be  maintained  without  intermission  they 
Slight  covw,  on  an  average,  a  mile  in  a  little  over  five  days. 

Unfortunately  records  are  seldom  kept  of  the  quantity  of  starfishes 
removed  fi*om  any  of  the  beds,  but  a  large  planter  in  the  Bridgeport 
and  Stratford  districts  has  furnished  a  detailed  statement  which  shows 
that  from  1884  to  1889,  inclusive,  about  36,000  bushels  were  dredged 
Qp  by  his  steamers,  the  average  catch  -per  month,  computed  for  the  six 
yearSybeing  as  follows:  January,  460;  February,  250;  March,  180;  April, 
W;  May,  400;  June,  490;  July,  620;  August,  560;  September,  560; 
October,  480;  November,  350;  December,  440.  It  should  be  borne  in 
innd,  however,  that  these  figures  relate  to  only  a  comparatively  limited 
^^  and  might  not  apply  to  other  districts.  It  is  also  possible  that 
his  steamers  were  less  watchM  at  some  times  than  at  others,  and  that 
&e  averages  for  the  catch  of  starfishes  would  not  indicate  with  exact- 
i^ess  their  relative  abundance  during  the  several  months.  The  princi- 
pal utility  of  this  statement  consists  in  its  showing  that  starfishes  are 
^ways  present  on  the  oyster-grounds,  and  may  be  regarded  as  plenti- 
Ailin  every  month  of  the  year,  but  whether  they  are  always  feeding  or 
i^ot  still  remains  to  be  determined.  They  are  said  to  begin  to  feed  on 
<78ters  when  very  young,  selecting  individuals,  of  course,  which  are  in 
P^portion  to  their  own  size,  and  several  have  firequently  been  found 
attached  to  the  same  oyster.  They  also  live  on  other  bivalves,  such  as 
^nssels  and  clams,  and  even  on  small  gastropods,  barnacles,  etc. 

As  to  the  distribution  of  the  attacks  of  starfishes,  it  seems  probable 
^  the  conditions  being  equal,  all  the  beds  are  subject  to  their  in- 
H.  Mis.  113 8 
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roads  in  about  the  same  proportion.  If  kept  cleared  from  any  giY< 
area,  those  owning  beds  around  the  margin  have  the  most  to  do 
fighting  them,  and  in  so  doing  they  shield  their  neighbors.  Mntn 
and  persistent  efforts  in  this  direction  furnish  the  only  means  by  whi< 
all  the  beds  can  at  present  be  protected,  and  by  cooperation  not  on 
may  the  destructiveness  of  starfishes  be  greatly  lessened,  and  the  seci 
ity  of  the  beds  be  more  or  less  insured,  but  the  cost  of  removing  sti 
fish  or  of  guarding  against  their  attacks  will  fall  less  heavily  on  t 
planters  who  are  now  most  active  in  their  watchfulness.  It  is  the 
men  whose  grounds  are  kept  in  the  best  condition  and  who  are  seci 
lug  the  most  benefits,  while  those  who  are  careless  or  indifferent 
their  attentions  are  subject  at  any  time  to  heavy  or  entire  losses. 

It  is  generally  considered  that  the  beds  or  parts  of  beds  in  close  pre 
imity  to  a  reef  or  other  obstruction  on  the  bottom  are  among  the  m( 
liable  to  be  invaded  at  frequent  intervals,  as  the  starfishes  can  not 
completely  eradicated  from  such  places.  The  natural  beds  may  also 
cited  as  a  fruitflil  source  of  danger,  in  that  the  stars  may  breed  a 
grow  upon  them  practically  undisturbed,  and  may  at  any  time  pass 
the  neighboring  cultivated  areas.  Steam  dredging  is  not  allowed  up 
these  public  grounds;  no  one  is  responsible  for  their  condition,  and 
one  has  the  power,  even  if  he  had  means  and  interest,  to  keep  them  fi 
from  pests.  As  matters  stand  at  present  they  are  a  constant  mena 
to  valuable  private  interests — a  condition  of  affairs  never  tolerated 
respect  to  agricultural  pursuits. 

Despite  the  amount  of  damage  caused  by  natural  enemies,  the  o] 
ter  industry  of  Connecticut  is  exceedingly  prosperous,  yet  no  one  doul 
that  this  prosperity  might  be  increased  by  a  removal  of  this  sour 
of  injury.  While  this  can,  probably,  not  be  done  effectually,  a  gre 
measure  of  protection  might  be  afforded  through  the  intervention 
the  State,  as  well  as  by  a  reduction  in  the  relative  extent  of  the  plant 
area  to  such  a  limit  that  all  the  grounds  could  be  under  consta 
supervision.  The  greater  losses  have  resulted  from  a  lack  of  vigilanc 
and  unfortunately  the  diligent  cultivator  is  too  often  made  to  sufl 
from  his  neighbor's  carelessness.  In  the  Norwalk  district  they  don< 
as  a  rule,  attempt  to  cultivate  more  ground  than  they  can  propei 
attend  to,  and  a  reduction  in  the  abundance  of  starfishes  has  been  not 
there,  but  the  same  was  not  found  to  be  the  case  in  some  of  the  oth 
districts  examined. 

During  1888  and  1889  only  a  small  set  of  spat  was  secured  throug 
out  the  sound,  and  a  great  amount  of  damage  by  starfishes  was  i 
corded.  In  1890,  however,  a  heavy  set  was  obtained,  although  it  w 
not  evenly  distributed.  It  was  fairly  good  from  the  ThimLle  Islands 
the  Milford  district,  being  very  abundant  in  the  latter  region,  and  i 
pecially  so  on  the  natural  bed  off  Stratford  and  on  some  of  the  plant 
grounds  in  the  same  vicinity.  The  region  farther  west  was  less  favor 
in  this  respect,  except  in  some  places  of  limited  extent. 
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In  ridding  their  beds  of  starfishes  the  oystermen  generally  make 
use  of  the  common  oyster-dredge,  which  also  brings  up  everything 
from  the  bottom,  and  the  living  oysters  may  then  be  transplanted  to 
other  grounds  if  desirable.  This  method  is  necessarily  laborious  and 
eipenaive,  as  well  as  destructive,  as  many  oysters  are  often  damaged 
by  the  dredge,  especially  if  they  are  young  and  thin-shelled.  A  spe- 
cial dredge,  invented  by  Mr.  Landcraft,  of  New  Haven,  and  designed 
to  remove  only  the  starfishes,  has  been  employed  with  some  success, 
bntits  use  does  not  seem  to  have.become  very  general.  Other  devices 
having  the  same  object  in  view  have  recently  been  pat>ented,  but  noth- 
ing has  been  learned  regarding  their  effectiveness.  The  tangles,  sug- 
gested some  years  ago  for  this  purpose  by  the  Fish  Gonmiission,  have 
been  tried  occasionally,  but  they  are  said  not  to  work  the  ground  clean, 
and  it  is  difficult  to  extricate  the  starfishes  after  the  apparatus  has 
been  landed  on  the  deck.  The  first  of  these  troubles  also  manifested 
itself  in  the  trials  made  by  the  Fish  Hawk  with  the  beam  trawl,  but  it 
was  partly  overcome  by  attaching  a  drag  chain  between  the  runners 
shghtly  in  advance  of  the  net.  This  appliance  would  not,  however, 
present  any  advantage  over  the  oyster  dredge,  and,  as  a  whole,  might 
be  regarded  as  very  inferior  to  it,  its  expense  and  the  dififtculty  of 
working  it  from  a  small  steamer  also  oi)erating  to  its  disfavor. 

Baited  trax>s  were  exx>erimented  with  in  1889  under  the  direction  of 
Dr.  Hodge,  but  only  with  negative  results.    They  were  made  of  iron 
rings,  2  feet  in  diameter,  filled  in  with  a  shallow  bag  of  netting,  and 
when  in  use  were  suitably  weighted,  and  their  positions  marked  with  a 
small  wooden  buoy.    Many  different  kinds  of  bait  were  employed,  and 
they  were  as  thoroughly  tested  as  was  possible  at  the  time  in  the  Kor- 
walk  district,  but  no  starfishes  were  secured  on  any  trial.    This  experi- 
ment is  not,  however,  to  be  regarded  as  conclusive,  because  traps  have 
been  and  are  still  being  used  for  this  purpose  with  some  success  in 
Providence  Eiver.    They  are  there  made  box-shaped,  of  laths,  some- 
thing after  the  pattern  of  the  rectangular  lobster  pots.    It  is  not  ex- 
pected that  any  devices  of  this  sort  will  prove  effectual  where  starfishes 
are  very  abundant,  but  under  some  circumstances  they  might  serve  a 
good  purpose,  and  ftirther  tests  should  be  made  whenever  the  oppor- 
tunity occurs. 

Physical  inquiry. — ^The  following  preliminary  report  by  Mr.  E.  E. 
Haskell,  upon  the  results  of  his  current  observations  in  Long  Island 
Sound,  has  been  transmitted  by  the  Superintendent  of  the  XT.  S.  Coast 
and  Geodetic  Survey. 
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PRELIMINARY  REPORT  UPON  THE  CURRENT  OBSERVATIONS  IN  LONG  ISLAND  SOUND. 

Bt  £.  E.  Haskell. 

The  observationB  for  this  diBcnssion  were  made  during  the  snininer  of  1890,  from 
the  U.  S.  Steamer  Fish  Hawk,  daring  a  Joint  investigation  by  the  U.  S.  CommiBBionof 
Fish  and  Fisheries  and  the  U.  8.  Coast  and  Geodetic  Survey,  for  the  purpose  of  study- 
ing the  condition  of  and  the  circulation  of  the  sea  through  Long  Island  Sound. 

For  a  knowledge  of  the  tides  that  traverse  the  Sound  we  placed  at  New  London, 
New  Haven,  and  Willets  Point — ^practically  at  each  end  and  the  middle— a  self- 
registering  tide  gauge.  With  the  tide  gauges  in  operation,  we  made  from  the  steamer 
Fish  Hawk  a  series  of  current  observations,  occupying  therefor  current  stations 
which  in  location  give  a  cross  section  near  each  end  of  the  Soupd;  a  current  station 
about  every  10  miles  in  the  longitudinal  axis  of  the  Sound;  and  a  current  station  on 
each  of  the  dumping-grounds  of  the  towns  of  New  Haven,  Milford,  Bridgeport^  Koi- 
walk,  and  Stamford. 

In  illustration  of  the  tides  of  the  Sound,  the  mean  establishment  of  Block  Island 
and  that  of  Sandy  Hook  are  about  the  same,  namely  7^  31*°  and  7**  35%  respectivdj. 
There  being  but  about  ten  minutes  difference  in  timci  due  to  difference  in  longitade, 
it  is  practically  high  water  at  both  places  at  the  same  time.  From  these  pUoes 
the  tide  wave  that  causes  high  water  travels  by  two  different  channels,  the  Block 
Island  branch  through  Long  Island  Sound  from  its  eastern  entrance,  and  the  Sandy 
Hook  branch  passing  through  New  York  Harbor  and  East  River  into  the  Sound  from 
its  western  entrance,  and  give  to  this  inland  channel  a  compound  tide. 

From  our  observations,  which  confine  us  to  the  reach  from  New  London  to  Willets 
Point,  we  find  it  is  high  water  at  New  London  (the  mouth  of  the  Thames)  ^  47°<.  st 
New  Haven  (Light-House  Point)  11^  17»,  and  at  Willets  Point  lli"  24»  after  th« 
moon's  transit.  The  opposite  phase  of  the  tide  takes  place  at  New  London  3^  Sl'^i 
at  New  Haven  5^  03'",  and  at  Willets  Point  5^  45<^  after  the  moon's  transit.  These 
figures  give  for  the  duration  of  rise  6^  16"",  6^  14"*,  and  5^  39™  for  New  London,  New 
Haven,  and  Willets  Point,  respectively ;  and,  for  the  corresponding  duration  of  fsll, 
e^  08"",  6^  10%  and6»»  46'n. 

The  distance  from  New  London  to  New  Haven,  measured  on  a  central  line  through 
the  Sound,  is  36  nautical  miles,  and  the  distance  from  New  Haven  to  Willets  Point, 
measured  on  the  same  course,  is  48  nautical  miles.  From  the  mean  establishment  of 
these  points,  given  above,  and  the  corresponding  distances  between  them,  it  appears 
that  the  tide  wave  travels  from  New  London  to  New  Haven  in  1*^  33™,  or  at  the  rate 
of  23  nautical  miles  per  hour,  while  it  travels  from  New  Haven  to  Willets  Point  in 
10™,  or  at  the  rate  of  288  nautical  miles  per  hour.  This  remarkable  difference  in 
speed  of  the  wave  in  these  two  reaches  is  undoubtedly  caused  by  the  interference  of 
the  two  waves  that  have  arrived  on  the  scene  by  the  two  different  routes.  It  is  the 
meeting-ground;  or,  to  be  more  explicit,  the  reach  from  Hell  Gate  to  Stratford  ShoU 
is  where  the  energy  of  these  waves,  traveling  in  opposite  directions,  is  spent. 

An  interesting  feature  in  the  tide  of  the  Sound  is  the  vertical  motion  of  the  water 
that  takes  place.  Mean  sea  level  at  all  points  throughout  this  water  course  is  at 
the  same  elevation,  and  might  be  represented  by  a  straight  line  so  far  as  the  present 
discussion  is  concerned.  At  New  London  the  average  rise  of  the  tide  is  2.6  feet,  or 
it  has  a  semi-amplitude  in  its  oscillations  above  and  below  the  straight  line  repre- 
senting mean  sea  level  of  1.3  feet.  At  New  Haven  the  average  rise  of  the  tide  is  6 
feet,  or  its  semi-amplitude  is  3  feet.  At  Willets  Point  the  average  rise  of  the  tide  is 
7.3  feet,  or  its  semi-amplitude  in  reference  to  the  line  is  3.65  feet.  These  figures 
show  that  with  every  tide  the  water  surface  of  the  western  portion  of  the  Sound 
is  alternately  made  a  hill  and  a  hollow  when  compared  to  the  water  surface  in 
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tiM  MStern  poition^  or  perliapg  a  better  reference  would  be  to  the  open  sea  either  Bit 
Block  kland  or  Sandy  Hook,  where  the  amplitude  of  the  tide  is  1.5  feet  and  2.3  feet, 
nipectiyely. 

Having  indicated  briefly  the  tides  of  the  Sound,  we  will  now  consider  the  other  and 
ftrmore  important  component  in  ihe  circulation,  viz,  the  horizontal  movement  of 
the  water,  or  the  tidal  current. 

Beginning  at  the  eastern  cross  section  at  the  mouth  of  the  Connecticut  River,  the 
itition  located  near  the  axial  line  of  the  Sound  gave  for  the  mean  velocity  of  the  maxi- 
mQm  flood  vertical  curve  of  velocities  3.2  feet  per  second,  and  for  the  mean  velocity 
of  the  maTJmnm  ebb  vertical  curve  of  velocities  2.8  feet  per  second. 

The  current  station  located  similarly  on  the  westera  cross-sectiou  at  Matinicock 
Point,  Long  Island,  gave  for  the  mean  velocity  of  the  maximum  flood  vertical  curve 
of  Teloeities  0.86  of  a  foot  per  second,  and  for  the  mean  velocity  of  the  maximum  ebb 
Tvtieal  curve  of  velocities  0.77  of  a  foot  per  second. 

The  striking  contrast  in  the  diflerence  in  the  strength  of  the  flood  or  ebb  currents 
of  the  eastern  and  western  ends  of  the  Sound  indicated  by  the  figures  given  above 
ikowB  clearly  what  was  to  be  expected  from  the  tidal  data,  namely,  that  as  we 
H^proaehed  the  meeting-point  of  the  two  waves  f^om  opposite  directions  the  hori- 
lontal  motion  of  the  water  should  decrease.    The  series  of  current  stations,  located 
•t  intervals  of  about  10  miles  on  the  axial  line  of  the  Sound,  when  considered  in  con- 
Metion  with  the  two  mentioned  above,  illustrate  very  well  this  decrease  and  furnish 
a  knowledge  of  the  horizontal  movement  throughout  the  Sound.    Taking  any  sta- 
tion in  the  series,  its  flood  and  ebb  velocities  will  be  greater  or  less  than  those  given 
above  for  the  stations  on  the  eastern  or  western  cross-sections  in  almost  direct  pro- 
portion to  its  distance  from  those  cross-sections. 
By  comparing  the  maximum  flood  and  ebb  velocities  for  the  central  stations  on 
each  of  the  cross-sections,  we  find  that  the  flood  velocity  is  to  the  ebb  velocity  as  1.15 
is  to  1.0  for  the  eastern  cross-section;  and  that  for  the  western  cross-section  the  flood 
velocity  is  to  the  ebb  velocity  as  1.12  to  1.0.    These  indicate  clearly  a  resultant  move- 
ment to  the  westward,  for  in  the  diagram  of  current  velocities,  which  can  not  well 
be  reproduced  here,  the  durati<m  of  flood  and  ebb  stream  are  seen  to  be  about  equal. 
Hie  maximnin  in  the  former  takes  place  at  the  YIII  lunat*  hour  and  the  maximum  in 
the  latter  at  the  II  lunar  hour,  and  at  these  times  the  stream  is  a  continuous  maxi- 
niam  stream  throughout  the  Sound. 

This  excess  of  westerly  over  the  easterly  flow  was  to  have  been  expected,  for  in 
Prof.  MitchelFs  report,  "  The  circulation  of  the  sea  through  New  York  Harbor," 
Appendix  No.  13  of  the  Report  of  the  Coast  and  Geodetic  Survey  for  1886,  are  given 
the  reaults  of  a  series  of  g^ugings  of  East  River  at  Nineteenth  street,  and  in  round 
numbers  there  is  as  a  mean  value  448,000,000  cubic  feet  more  water  transferred  to  the 
southward  on  every  ebb  tide  of  New  York  Harbor  than  is  brought  northward  by  the 
flood  tide.*  This  surplus  of  water  must  come  through  the  eastern  entrance  of  the 
Sound,  hence  from  the  open  sea,  where  it  must  be  pure;  and  although  small  in 
quantity  in  comparison  with  the  volume  in  the  Sound,  it  is  a  constant  force  to  crowd 
ootat  the  western  end  stagnant  or  polluted  water. 

Another  interesting  phenomenon  brought  out  by  our  observations,  and  one  which 
plays  a  prominent  part  in  the  circulation  of  the  Sound,  is  the  *'  underrun.''  Beginning 
at  the  eastern  entrance,  the  change  from  ebb  to  flood  current  takes  place  by  the 
denser  sea  water  of  the  outside  forcing  its  way  in  along  the  bed  of  the  Sound  while  the 
surface  is  still  running  ebb.  The  beginning  of  this  ^ '  underrun  "  was  found  to  be  about 
one  and  a  half  hours  previous  to  the  surface  reversal  of  the  stream.  The  neutral 
plane  between  the  two  currents  running  in  opposite  directions  would  gradually  rise 
(the  ''underrun"  or  flood  current  increasipg  while  the  ebb  current  was  decreasing), 
reaching  the  surface  finally  when  the  ebb  current  disappeared  altogether.    The 

*  It  most  be  here  noticed  that  the  flood  tide  of  Long  Island  Sound  corresponds  in 
direction  to  the  ebb  tide  of  New  York  Harbor  and  vic$  V0r$a, 
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offset  of  this  moremmt  U  ■  nuaing  to  the  matter  uid  >  crowding  gMdaalty  »mwu(L 
of  the  wator  tbftt  had  In  preTiona  tide*  peifonned  the  part  of  a  purifying  agent. 

The  atrong  winds  of  the  winter  ieaeon  are  also  a  factor  in  the  cirenUtion,  m  they- 
take  part  in  the  annual  cleanaiog  of  the  Sonnd  by  either  drawing  in  an  exti^ 
anpply  of  water  orer  that  bronght  by  the  tide,  <a  forcing  ont  water  in  excew  oK^ 
that  taken  oDt  by  tbo  ebb  flow. 

The  qneition  of  freab  water  biooght  down  by  the  riTora  and  creeka  baa  bin  i  ^ 
Ignored,  because,  in  my  Judgment,  it  plays  no  eaaentiol  part  in  the  circnlation  o^E 
the  Sound.  Fresh  water  on  reaching  the  sea  simply  alidei  off  no  the  surface  of  th^^ 
mnch  deoMT  sea  water,  to  be  carried  ebb  or  flood  with  tbe  current  prevailing  at  th^a 

In  regard  to  the  cnrreot  stations  located  on  tbe  dumping -gronnds,  tbe  cnrreu'S; 
shown,  with  the  poaaible  exception  of  thoee  in  tbe  towns  of  New  Haven  and  Milford.  ^^ 
is  not  strong  enough  to  transport  the  dredgings  damped  on  them,  so  that  little  fut  •■ 
of  the  distribution  of  this  material  in  the  Sound  need  arise. 

In  oonclnaioD,  the  circulation  of  tbe  aea  in  I^ing  bland  Sonnd  seema  to  me  to  l>'^ 
soflBcieut  to  allay  all  fears  of  its  wat«n  becoming  polluted.  It  is  time,  however,  t«9 
Tsisa  in  general  a  warning  voice  against  what  is  now  a  common  practice,  andth^'C 
is  converting  out  rivers,  harbors,  lakes,  and  sounds  into  receptacles  for  the  aewa^r^ 
and  refuse  of  the  cities  and  f^tories  that  line  their  banks.  In  the  long  run  it  ca.Ki 
only  work  an  iiOnry,  which  as  population  becomes  moredenae  willof  neoeasity  hav^« 
to  be  considered  and  a  remedy  applied. 

Chemical  inquiry. — Mr.  Neher  joined  the  Fiih  Batch  on  June  9, 1890, 
and  tbe  remainder  of  that  month  was  mostly  occupied  in  perfectiDg  the 
arran gements  for  the  chemical  analyses,  in  preparing  the  reagents,  and 
in  making  the  preliminary  tests.  For  the  convenience  of  this  work  a 
small,  temporary  laboratory  was  constructed  on  the  batching  deck  of 
tbe  steamer, vbereobservations  were  conducted  incomparatiTesecarity. 

Tbe  object  of  the  investigation  being  simply  to  aacertain  tbe  relative 
purity  of  the  water  in  the  Sound,  the  tests  applied  were  chiefly  those 
Qsed  to  detect  sewage  contamination  by  volumetric,  colorometric,  and 
gasometric  methods.  The  Wanklyn  teat  was  resorted  to  for  detennin- 
ing  tbe  amount  of  free  and  albnmiuoid  ammonia  contained  in  tbe  water, 
for  which  purpose  it  is  unsnr]>aesed  by  any  other.  Ammonia  being  one 
of  the  products  of  decomposition  of  organic  substances,  tbe  determina- 
tion of  its  quantity  in  any  given  sample  of  water  offers  a  means  of 
measuring  relatively  the  organic  pollution  of  tbe  same.  A  few  tests 
were  made  by  the  alnmininm  method  for  ascertaining  tbe  amount  of 
nitrogen  as  nitrates  and  nitrites,  and  tbe  ratio  of  the  dissolved  oxygen 
was  also  determined  in  some  instances.  Thesamples  of  water  analyzed 
were  taken  both  tmm  the  surface  and  from  the  bottom  in  all  depths 
down  to  28  fathoms,  and  nnder  many  different  conditions,  as  in  the 
op«a  mund  over  clean  bottom,  on  and  aboat  the  dumping -groonda, 
and  in  i^ume  of  the  harbors. 

Owinj;  to  the  fact  that  no  standard  of  parity  of  sea  water  with  refer- 

en<'i'  tu  M voters  or  to  the  general  health  of  adjacent  land  has  been 

bed,  Mr.  Neber  found  it  difficult  to  interpret  his  results  in  that 

The  standards  followed  with  regard  to  iH>table  water  may  be 

comparison,  bnt  it  is  not  to  be  expected  that  such  low  organ- 

aysters  would  be  as  readily  afi'ected  by  these  impurities  as  the 
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human  system,  and  a  very  liberal  margin  may  be  allowed  in  favor  of 
the  former.    In  fact,  it  is  probable  that  a  very  large  percentage  of  what 
might  ordinarily  be  regarded  as  impurity  in  potable  water  is  more 
beneficial  than  harmful  to  oysters.    When  the  amount  of  free  ammo- 
nia in  potable  water  exceeds  0.01  it  is  generally  considered  to  be  due  to 
recent  sewage  contamination,  and  the  amount  of  albuminoid  ammonia 
I        in  a  safe  drinking-water  should  not  much  exceed  0.015  parts  per  100,000 
!        parts  of  the  water.    The  figures  furnished  by  Mr.  Neher's  tests  may  be 
soinmarized  as  follows :  At  the  mouth  of  the  Oonnecticut  Biver,  .005  of 
firee ammonia  and  .013  of  albuminoid  ammonia;  on  a  line  across  the 
Sonnd  opx)osite  the  mouth  of  this  river,  .002  and  .015,  respectively;  a 
second  line  somewhat  further  west,  .005  and  .01 ;  a  line  opposite  Matini- 
cock  Point,  .01  and  .016;  at  Throgs  Neck,  .023  and  .018.    The  last  two 
nndoubtedly  show  the  influence  of  the  East  Eiver.    On  and  near  the 
dumping-grounds  oflf  New  Haven,  Bridgeport,  Norwalk,  and  Stamford 
the  amount  of  free  ammonia  ranged  from  .006  to  .013  and  the  albu- 
minoid ammonia  from  .014  to  .019.    These  dumping-places  have  always 
been  regarded  as  the  most  serious  menaces  to  the  oyster-grounds  in 
I<ODg  Island  Sound,  but  the  chemical  observatious  fail  to  support  that 
claim.    In  New  Haven  Harbor  the  free  ammonia  amounted  to  .013  and 
the  albuminoid  to  .018,  while  in  Bridgeport  Harbor  they  were  .02  and 
.018,  resx>ectively. 
The  results  of  analyses  made  in  three  other  bodies  of  water  may  be 
noted  here  for  the  sake  of  comparison,  the  first  figures  given  in  each 
ease  being  those  for  the  free  and  the  last  for  the  albuminoid  ammonia, 
as  above.    Lake  Ontario,  0.002  to  0.004  and  0.013  to  0.020 ;  Oneida  Lake, 
0.OO4  to  0.008  and  0.015  to  0.024;  Thames  Biver,  England,  0.004  to 
0.176  and  0.028  to  0.035. 

It  may,  therefore,  safely  be  concluded  that  so  far  as  regards  organic 
impurities,  the  oyster  beds  in  Long  Island  Sound  are  in  no  immediate 
danger  from  that  cause.  The  results  of  the  dredging  work  also  sup- 
port this  conclusion,  the  animals  taken  of  all  kinds  being  generally  in 
a  good  and  healthy  condition. 

lAfe  history  of  the  starfish. — In  connection  with  the  investigation 
of  starfish  depredations,  a  special  study  of  the  embryology  and  life 
history  of  this  species  was  begun  at  Woods  HoU  Station  during  the 
summer  of  1889  by  Prof.  W.  K.  Brooks,  of  Johns  Hopkins  University, 
and  was  again  taken  up  during  the  season  of  1890,  by  one  of  his  assist- 
ants, Mr.  George  W.  Field.  Both  of  these  biologists  have  published 
brief  notices  of  their  preliminary  results  in  the  Johns  Hopkins  Univer- 
sity circulars,  vol.  x,  No.  88,  1891  •  This  inquiry  will  be  continued  in 
subsequent  years,  and  it  is  expected  that  some  conclusions  may  be 
reached  which  will  be  of  considerable  practical  importance. 


*  On  the  early  stages  of  EcbinoderniB;  by  W.  K.  Brooks.    Contributions  to  the 
embryology  of  Asisrioi  vulgari$  (Forbeeii);  by  Qeorge  W.  Field. 
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effect  of  this  moyement  is  a  raising  to  the  surface  and  a  crowding  gradually  seawards 
of  the  water  that  had  in  previous  tides  performed  the  part  of  a  purifying  agent. 

The  strong  winds  of  the  winter  season  are  also  a  factor  in  the  circulation ,  as  the^ 
take  part  in  the  annual  cleansing  of  the  Sound  hy  either  drawing  in  an  eztn^ 
supply  of  water  over  that  brought  by  the  tide,  or  forcing  out  water  in  excess  o 
that  taken  out  by  the  ebb  flow. 

The  question  of  fresh  water  brought  down  by  the  rivers  and  creeks  has  bee 
ignored,  because,  in  my  judgment,  it  plays  no  essential  part  in  the  circulation  o:^ 
the  Sound.    Fresh  water  on  reaching  the  sea  simply  slides  off  on  the  surface  of  th« 
much  denser  sea  water,  to  be  carried  ebb  or  flood  with  the  current  prevailing  at  th« 
time. 

In  regard  to  the  current  stations  located  on  the  dumping-grounds,  the  curren^ 
shown,  with  the  possible  exception  of  those  in  the  towns  of  New  Haven  and  Milfor& 
is  not  strong  enough  to  transport  the  dredgings  dumped  on  them,  so  that  little  f< 
of  the  distribution  of  this  material  in  the  Sound  need  arise. 

In  conclusion,  the  circulation  of  the  sea  in  Long  Island  Sound  seems  to  me  to 
sufficient  to  allay  all  fears  of  its  waters  becoming  polluted.    It  is  time,  however, 
raise  in  general  a  warning  voice  against  what  is  now  a  common  practice,  and  tiia^l; 
is  converting  our  rivers,  harbors,  lakes,  and  sounds  into  receptacles  for  the  sewage 
and  refuse  of  the  cities  and  factories  that  line  their  banks.    In  the  long  run  it  can 
only  work  an  injury,  which  as  population  becomes  more  dense  will  of  necessity  have 
to  be  considered  and  a  remedy  applied. 

Chemical  inquiry. — ^Mr.  Neher  joined  the  Fish  Hawk  on  Jnne  9, 1890, 
and  the  remainder  of  that  month  was  mostly  occapied  in  i)erfecting  the 
arrangements  for  the  chemical  analyses,  in  preparing  the  reagents,  and 
in  making  the  preliminary  tests.  For  the  convenience  of  this  work  a 
small,  temporary  laboratory  was  constructed  on  the  hatching  deck  of 
the  steamer,  where  observations  were  conducted  in  comparative  security. 

The  object  of  the  investigation  being  simply  to  ascertain  the  relative 
purity  of  the  water  in  the  Sound,  the  tests  applied  were  chiefly  those 
used  to  detect  sewage  contamination  by  volumetric,  colorometric,  and 
gasometric  methods.  The  Wauklyn  test  was  resorted  to  for  determin- 
ing the  amount  of  free  and  albuminoid  ammonia  contained  in  the  water, 
for  which  purpose  it  is  un8urx)assed  by  any  other.  Ammonia  being  one 
of  the  products  of  decomposition  of  organic  substances,  the  determina- 
tion of  its  quantity  in  any  given  sample  of  water  offers  a  means  of 
measuring  relatively  the  organic  pollution  of  the  same.  A  few  testa 
were  made  by  the  aluminium  method  for  ascertaining  the  amount  of 
nitrogen  as  nitrat.es  and  nitrites,  and  the  ratio  of  the  dissolved  oxygen 
was  also  determined  in  some  instances.  The  samples  of  water  analyzed 
were  taken  both  from  the  surface  and  from  the  bottom  in  all  depths 
down  to  28  fathoms,  and  under  many  different  conditions,  as  in  the 
open  sound  over  clean  bottom,  on  and  about  the  dumping -grounds, 
and  in  some  of  the  harbors. 

Owing  to  the  fact  that  no  standard  of  purity  of  sea  water  with  refer- 
ence to  oysters  or  to  the  general  health  of  adjacent  land  has  been 
established,  Mr.  Keher  found  it  difficult  to  interpret  his  results  in  that 
respect.  The  standards  followed  with  regard  to  potable  water  may  be 
used  for  comparison,  but  it  is  not  to  be  expected  that  such  low  organ- 
lams  38  oyaters  would  be  as  readily  affected  by  these  impurities  as  the 
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systxm  of  winding  creeks  and  rivers,  separating  the  sea  islands  from 

one  another  and  from  the  mainland.    Oysters  are  found  in  most  of  the 

creeks  and  rivers  which  are  suited  to  their  growth,  but  they  occur 

mainly  as  fringing  ledges  along  the  borders  between  the  levels  of  high 

and  low  tide.    In  only  a  few  localities  do  they  grow  naturally  in  the 

stream  bed,  and  their  cultivation  or  improvement  by  transplanting  has 

Hot  hitherto  been  attempted,  except  upon  a  very  limited  scale. 

The  water  that  circulates  through  these  oyster-bearing  channels  is 
derived  from  several  sources,  the  sea  on  one  side,  the  rivers  from  the 
interior,  neighboring  springs,  and  land  seepage  on  the  other.    That 
^XMning  fix>m  the  sea  has  the  high  salinity  or  density  of  the  ocean,  while 
tit^e  rest  is  fresh.    As  is  naturally  to  be  exi>ected  from  the  positions 
^kdd  relations  of  these  numerous  bodies,  their  contents,  resulting  from 
t:3ie  mixture  of  different  waters,  present  a  great  diversity  as  regards 
^i^tness,  and  the  density  in  each  is  subject  to  great  and  frequent  varia- 
^^r^ons  through  the  tides  and  seasonal  changes.    Moreover,  the  larger 
^^vers  bring  down  an  immense  quantity  of  sediment,  which,  becoming 
^y^dely  disseminated,  fills  many  of  the  channels  with  highly  discolored 
'Crater,  espedaUy  during  times  of  freshets.    From  this  source,  and  prob- 
ably from  others  also,  the  channels  have  derived,  over  a  large  part  of 
%3ieir  extent,  a  very  soft,  muddy  bottom,  not  capable  of  supporting 
l^eavy  objects  of  any  character. 

The  reason  for  the  peculiar  distribution  of  the  oysters,  above  referred 
t4>,  which  obtains  also  in  Georgia,  in  some  parts  of  North  Carolina,  and 
on  the  outer  coast  of  Virginia,  has  not  i>ositively  been  determined,  but 
it  may  possibly  be  due  to  the  high  specific  gravity  of  the  water.  The 
heavy  sediment  and  soft  character  of  the  bottom  may  also  have  some 
influence  in  that  respect.  The  solution  of  this  question  is  of  great 
practical  imx)ortance,  as  the  result  will  have  much  weight  in  determin- 
ing the  methods  of  oyster-culture  best  suited  to  the  State,  and  it  is 
proi)osed  to  give  furth^  attention  to  the  matter  at  the  first  convenient 
opportunity.  The  problem  involved  is  as  to  whether  the  spat  derived 
fit>m  mature  oysters  planted  on  the  bottom  will  attach  themselves  in 
similar  situations;  in  fact,  as  to  whether  such  beds  would  be  self- 
snstaining,  as  they  are,  to  a  greater  or  less  extent,  in  all  the  principal 
oyster  regions  farther  north.  The  present  indications  are  that  in  the 
South  Carolina  waters  whose  salinity  is  above  a  certain  standard  the 
spat  or  embryos,  which  are  -free-swimming  during  the  earlier  part  of 
their  existence,  float  only  at  the  surface,  and  therefore  have  the  means 
of  attaching  themselves  only  between  the  levels  of  high  and  low  tide. 
In  any  case,  however,  a  very  simple  and  effective  means  of  cultivation  is 
presented  in  the  transplanting  of  the  raccoon  oysters  frbm  the  tide 
ledges  to  suitable  bottoms  in  deeper  water,  where  they  rapidly  attain 
a  better  shape  and  quality.  The  raccoon  ledges  are  a  source  of  seed, 
which,  if  properly  protected,  can  be  made  the  basis  of  an  extei^ve 
industry,  and  one  probably  of  great  profit. 
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effect  of  this  movement  Ib  araiBing  to  the  Btuface  and  a  crowding  gradually  seawaxd^ 
of  the  water  that  had  in  previons  tides  performed  the  part  of  a  purifying  agent. 

The  strong  winds  of  the  winter  season  are  also  a  factor  in  the  circulation,  as  the^^ 
take  part  in  the  annual  cleansing  of  the  Sound  hy  either  drawing  in  an  extras 
supply  of  water  over  that  hrought  hy  the  tide,  or  forcing  out  water  in  excess  o 
that  taken  out  hy  the  ebb  flow. 

The  question  of  fresh  water  hrought  down  hy  the  rivers  and  creeks  has  beer^ 
ignored,  because,  in  my  judgment,  it  plays  no  essential  part  in  the  circulation  <y:i 
the  Sound.  Fresh  water  on  reaching  the  sea  simply  slides  off  on  the  surface  of  th« 
much  denser  sea  water,  to  be  carried  ebb  or  flood  with  the  current  prevailing  at  th<« 
time. 

In  regard  to  the  current  stations  located  on  the  dumping-grounds,  the  curreik.^ 
shown,  with  the  possible  exception  of  those  in  the  towns  of  New  Haven  and  MilforA. 
is  not  strong  enough  to  transport  the  dredgings  dumped  on  them,  so  that  little  f< 
of  the  distribution  of  this  material  in  the  Sound  need  arise. 

In  conclusion,  the  circulation  of  the  sea  in  Long  Island  Sound  seems  to  me  to 
sufficient  to  allay  all  fears  of  its  waters  becoming  polluted.    It  is  time,  however, 
raise  in  general  a  warning  voice  against  what  is  now  a  common  practice,  and  tha^t; 
is  converting  our  rivers,  harbors,  lakes,  and  sounds  into  receptacles  for  the  sewage 
and  refuse  of  the  cities  and  factories  that  line  their  banks.    In  the  long  run  it  can 
only  work  an  injury,  which  as  population  becomes  more  dense  will  of  necessity  have 
to  be  considered  and  a  remedy  applied. 

Chemical  inquiry, — ^Mr.  I^eher  joined  the  Fish  Eawk  on  Jane  9, 1890, 
and  the  remainder  of  that  month  was  mostly  occupied  in  perfecting  the 
arrangements  for  the  chemical  analyses,  in  preparing  the  reagents,  and 
in  making  the  preliminary  tests.  For  the  convenience  of  this  work  a 
small,  temporary  laboratory  was  constructed  on  the  hatching  deck  of 
the  steamer,  where  observations  were  conducted  in  comparative  security. 

The  object  of  the  investigation  being  simply  to  ascertain  the  relative 
purity  of  the  water  in  the  Sound,  the  tests  applied  were  chiefly  those 
used  to  detect  sewage  contamination  by  volumetric,  colorometric,  and 
gasometric  methods.    The  Wauklyn  test  was  resorted  to  for  determin- 
ing the  amount  of  free  and  albuminoid  ammonia  contained  in  the  water, 
for  which  purpose  it  is  unsuri^assed  by  any  other.    Ammonia  being  one 
of  the  products  of  decomposition  of  organic  substances,  the  determina- 
tion of  its  quantity  in  any  given  sample  of  water  offers  a  means  of 
measuring  relatively  the  organic  pollution  of  the  same.    A  few  testa 
were  made  by  the  aluminium  method  for  ascertaining  the  amount  of 
nitrogen  as  iiitrat<es  and  nitrites,  and  the  ratio  of  the  dissolved  oxygen 
was  also  determined  in  some  instances.    The  samples  of  water  analyzed 
were  taken  both  from  the  surface  and  from  the  bottom  in  all  depths 
down  to  28  fathoms,  and  under  many  different  conditions,  as  in  the 
open  sound  over  clean  bottom,  on  and  about  the  dumping-grounds, 
and  in  some  of  the  harbors. 

Owing  to  the  fact  that  no  standard  of  purity  of  sea  water  with  refer- 
ence to  oysters  or  to  the  general  health  of  adjacent  land  has  been 
established,  Mr.  Neher  found  it  difficult  to  interpret  his  results  in  that 
respect.  The  standards  followed  with  regard  to  potable  water  may  be 
used  for  comparison,  but  it  is  not  to  be  expected  that  such  low  organ- 
Isms  OB  outers  would  be  as  readUy  aSect/od  by  these  impurities  as  the 
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homan  system,  and  a  very  liberal  margin  may  be  allowed  in  favor  of 
the  former.  In  fact,  it  is  probable  that  a  very  large  percentage  of  what 
might  ordinarily  be  regarded  as  impurity  in  potable  water  is  more 
beneficial  than  harmful  to  oysters.  When  the  amount  of  free  ammo- 
nia in  potable  water  exceeds  0.01  it  is  generally  considered  to  be  due  to 
recent  sewage  contamination,  and  the  amount  of  albuminoid  ammonia 
in  a  safe  drinking-water  should  not  much  exceed  0.015  parts  per  1(K),000 
parts  of  the  water.  The  figures  furnished  by  Mr.  N'eher's  tests  maybe 
summarized  as  follows :  At  the  mouth  of  the  Oonnecticut  Biver,  .005  of 
free  ammonia  and  .013  of  albuminoid  ammonia;  on  a  line  across  the 
Sound  opposite  the  mouth  of  this  river,  .002  and  .015,  respectively;  a 
second  line  somewhat  further  west,  .005  and  .01 ;  a  line  opposite  Matini- 
cock  Point,  .01  and  .016;  at  Throgs  Neck,  .023  and  .018.  The  last  two 
nndoabtedly  show  the  influence  of  the  East  Biver.  On  and  near  the 
<]umping-grounds  off  New  Haven,  Bridgex)ort,  Norwalk,  and  Stamford 
the  amount  of  free  ammonia  ranged  from  .006  to  .013  and  the  albu- 
minoid ammonia  from  .014  to  .019.  These  dumping-places  have  always 
been  regarded  as  the  most  serious  menaces  to  the  oyster-grounds  in 
hong  Island  Sound,  but  the  chemical  observations  fail  to  support  that 
daim.  In  New  Haven  Harbor  the  free  ammonia  amounted  to  .013  and 
the  albuminoid  to  .018,  while  in  Bridgeport  Harbor  they  were  .02  and 
.018,  respectively. 

The  results  of  analyses  made  in  three  other  bodies  of  water  may  be 
noted  here  for  the  sake  of  comparison,  the  first  figures  given  in  each 
case  being  those  for  the  free  and  the  last  for  the  albuminoid  ammonia, 
as  above.  Lake  Ontario,  0.002  to  0.004  and  0.013  to  0.020 ;  Oneida  Lake, 
0.OO4  to  0.008  and  0.015  to  0.024;  Thames  Biver,  England,  0.004  to 
0.176  and  0.028  to  0.035. 

It  may,  therefore,  safely  be  concluded  that  so  far  as  regards  organic 
impurities,  the  oyster  beds  in  Long  Island  Sound  are  in  no  immediate 
danger  from  that  cause.  The  results  of  the  dredging  work  also  sup- 
port this  conclusion,  the  animals  taken  of  all  kinds  being  generally  in 
a  good  and  healthy  condition. 

Life  history  of  the  starfish, — In  connection  with  the  investigation 
of  starfish  depredations,  a  special  study  of  the  embryology  and  life 
histoiy  of  this  species  was  begun  at  Woods  Holl  Station  during  the 
summer  of  1889  by  Prof.  W.  K.  Brooks,  of  Johns  Hopkins  University, 
and  was  again  taken  up  during  the  season  of  1890,  by  one  of  his  assist- 
ants, Mr.  George  W.  Field.  Both  of  these  biologists  have  published 
brief  notices  of  their  preliminary  results  in  the  Johns  Hopkins  Univer- 
sity circulars,  vol.  x,  N'o.  88,  1891  •  This  inquiry  will  be  continued  in 
subsequent  years,  and  it  is  expected  that  some  conclusions  may  be 
reached  which  will  be  of  considerable  practical  importance. 

*  On  the  early  stages  of  Echinoderms;  by  W.  K.  Brooks.  Contribations  to  the 
embryology  of  A9itriaB  vulgari§  (ForbeBii);  by  Qeorge  W.  Field. 
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effect  of  this  movement  is  a  raising  to  the  surface  and  a  crowding  gradually  seaward 
of  the  water  that  had  in  previous  tides  performed  the  part  of  a  purifying  agent 

The  strong  winds  of  the  winter  season  are  also  a  factor  in  the  circulation,  as  they^ 
take  part  in  the  annual  cleansing  of  the  Sound  by  either  drawing  in  an  extnw 
supply  of  water  over  that  brought  by  the  tide,  or  forcing  out  water  in  excess  a 
that  taken  out  by  the  ebb  flow. 

The  question  of  fresh  water  brought  down  by  the  rivers  and  creeks  has  beei 
ignored,  because,  in  my  judgment,  it  plays  no  essential  part  in  the  circulation  o:^ 
the  Sound.    Fresh  water  on  reaching  the  sea  simply  slides  off  on  the  surface  of  th« 
much  denser  sea  water,  to  be  carried  ebb  or  flood  with  the  current  prevailing  at  thm 
time. 

In  regard  to  the  current  stations  located  on  the  dumping-grounds,  the  cnrreik  ^ 
shown,  with  the  possible  exception  of  those  in  the  towns  of  New  Haven  and  Milfonfl. 
is  not  strong  enough  to  transport  the  dredgings  dumped  on  them,  so  that  little  fi 
of  the  distribution  of  this  material  in  the  Sound  need  arise. 

In  conclusion,  the  circulation  of  the  sea  in  Long  Island  Sound  seems  to  me  to 
sufficient  to  allay  all  fears  of  its  waters  becoming  polluted.    It  is  time,  however, 
raise  in  general  a  warning  voice  against  what  is  now  a  common  practice,  and  th^'t 
is  converting  our  rivers,  harbors,  lakes,  and  sounds  into  receptacles  for  the  sewage 
and  refuse  of  the  cities  and  factories  that  line  their  banks.    In  the  long  run  it  can 
only  work  an  injury,  which  as  population  becomes  more  dense  will  of  necessity  have 
to  be  considered  and  a  remedy  applied. 

Chemical  inquiry, — ^Mr.  I^eher  joined  the  Fish  Eawk  on  Jane  9, 1S90, 
and  the  remainder  of  that  month  was  mostly  occupied  in  perfecting  the 
arrangements  for  the  chemical  analyses,  in  preparing  the  reagents,  and 
in  making  the  preliminary  tests.  For  the  convenience  of  this  work  a 
small,  temporary  laboratory  was  constructed  on  the  hatching  deck  of 
the  steamer,  where  observations  were  condacted  in  comparative  security. 

The  object  of  the  investigation  being  simply  to  ascertain  the  relative 
purity  of  the  water  in  the  Sound,  the  tests  applied  were  chiefly  those 
used  to  detect  sewage  contamination  by  volumetric,  colorometric,  and 
gasometric  methods.    The  Wauklyn  test  was  resorted  to  for  determin- 
ing the  amount  of  free  and  albuminoid  ammonia  contained  in  the  water, 
for  which  purpose  it  is  unsurx^assed  by  any  other.    Ammonia  being  one 
of  the  products  of  decomposition  of  organic  substances,  the  determina- 
tion of  its  quantity  in  any  given  sample  of  water  offers  a  means  of 
measuring  relatively  the  organic  pollution  of  the  same.    A  few  testa 
were  made  by  the  aluminium  method  for  ascertaining  the  amount  of 
nitrogen  as  nitrat<es  and  nitrites,  and  the  ratio  of  the  dissolved  oxygen 
was  also  determined  in  some  instances.    The  samples  of  water  analyzed 
were  taken  both  from  the  surface  and  from  the  bottom  in  all  depths 
down  to  28  fathoms,  and  under  many  different  conditions,  as  in  the 
open  sound  over  clean  bottom,  on  and  about  the  dumping-grounds, 
and  in  some  of  the  harbors. 

Owing  to  the  fact  that  no  standard  of  purity  of  sea  water  with  refer- 
ence to  oysters  or  to  the  general  health  of  adjacent  land  has  been 
established,  Mr.  Neher  found  it  difficult  to  interpret  his  results  in  that 
respect.  The  standards  followed  with  regard  to  potable  water  may  be 
used  for  comparison,  but  it  is  not  to  be  expected  that  such  low  organ- 
/sias  aa  oysters  wovld  be  as  readUy  aSect/od  by  these  impurities  as  the 
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human  system,  and  a  very  liberal  margin  may  be  allowed  in  favor  of 
the  former.  In  tact^  it  is  probable  that  a  very  large  percentage  of  what 
might  ordinarily  be  regarded  as  impnrity  in  potable  water  is  more 
beneficial  than  harmful  to  oysters.  When  the  amount  of  free  ammo- 
nia in  potable  water  exceeds  0.01  it  is  generally  considered  to  be  due  to 
recent  sewage  contamination,  and  the  amount  of  albuminoid  ammonia 
in  a  safe  drinking-water  should  not  much  exceed  0.015  parts  per  1(K),000 
parts  of  the  water.  The  figures  furnished  by  Mr.  Neher's  tests  maybe 
sommarized  as  follows :  At  the  mouth  of  the  Connecticut  Biver,  .005  of 
free  ammonia  and  .013  of  albuminoid  ammonia;  on  a  line  across  the 
Sound  opposite  the  mouth  of  this  river,  .002  and  .015,  respectively;  a 
second  line  somewhat  further  west,  .005  and  .01;  a  line  opposite  Matini- 
cock  Point,  .01  and  .016;  at  Throgs  Neck,  .023  and  .018.  The  last  two 
undoubtedly  show  the  influence  of  the  East  Biver.  On  and  near  the 
dumping-grounds  off  New  Haven,  Bridgeport,  Norwalk,  and  Stamford 
the  amount  of  free  ammonia  ranged  from  .006  to  .013  and  the  albu- 
minoid ammonia  from  .014  to  .019.  These  dumping-places  have  always 
been  regarded  as  the  most  serious  menaces  to  the  oyster-grounds  in 
Long  Island  Sound,  but  the  chemical  observations  fail  to  support  that 
claim.  In  New  Haven  Harbor  the  free  ammonia  amounted  to  .013  and 
the  albuminoid  to  .018,  while  in  Bridgex)ort  Harbor  they  were  .02  and 
.018,  respectively. 

The  results  of  analyses  made  in  three  other  bodies  of  water  may  be 
noted  here  for  the  sake  of  comparison,  the  first  figures  given  in  each 
case  being  those  for  the  free  and  the  last  for  the  albuminoid  ammonia, 
as  above.  Lake  Ontario,  0.002  to  0.004  and  0.013  to  0.020 ;  Oneida  Lake, 
0.OO4  to  0.008  and  0.015  to  0.024;  Thames  Biver,  England,  0.004  to 
0.176  and  0.028  to  0.035. 

It  may,  therefore,  safely  be  concluded  that  so  far  as  regards  organic 
impurities,  the  oyster  beds  in  Long  Island  Sound  are  in  no  immediate 
danger  from  that  cause.  The  results  of  the  dredging  work  also  sup- 
port this  conclusion,  the  animals  taken  of  all  kinds  being  generally  in 
a  good  and  healthy  condition. 

Life  history  of  the  starfish. — In  connection  with  the  investigation 
of  starfish  depredations,  a  special  study  of  the  embryology  and  life 
history  of  this  species  was  begun  at  Woods  Holl  Station  during  the 
summer  of  1889  by  Prof.  W.  K.  Brooks,  of  Johns  Hopkins  University, 
and  was  again  taken  up  during  the  season  of  1890,  by  one  of  his  assist- 
ants, Mr.  George  W.  Field.  Both  of  these  biologists  have  published 
brief  notices  of  their  preliminary  results  in  the  Johns  Hopkins  Univer- 
sity circulars,  vol.  x,  No.  88,  1891  •  This  inquiry  will  be  continued  in 
subsequent  years,  and  it  is  expected  that  some  conclusions  may  be 
reached  which  will  be  of  considerable  practical  importance. 


*  On  the  early  stages  of  Echinoderms ;  by  W.  K.  Brooks.    Contribations  to  the 
embryology  of  AtterioB  vulgaris  (ForbesH);  by  Qeorge  W.  Field. 


118       BEPOBT  OF  COMMISSIONER  OF  FI8H  ASD  FISHERIES 

effect  of  this  movement  is  a  raising  to  the  surface  and  a  crowding  gradually  seawards 
of  the  water  that  had  in  previous  tides  performed  the  part  of  a  porifying  agent. 

The  strong  winds  of  the  winter  season  are  also  a  factor  in  the  circulation ,  as  the^^ 
take  part  in  the  annual  cleansing  of  the  Sound  hy  either  drawing  in  an  extn^ 
supply  of  water  over  that  hrought  hy  the  tide,  or  forcing  out  water  in  excess  oW 
that  taken  out  by  the  ebb  flow. 

The  question  of  fresh  water  brought  down  by  the  rivers  and  creeks  has  beec^ 
ignored,  because,  in  my  Judgment,  it  plays  no  essential  part  in  the  circulation  o:^ 
the  Sound.  Fresh  water  on  reaching  the  sea  simply  slides  off  on  the  surface  of  th^a 
much  denser  sea  water,  to  be  carried  ebb  or  flood  with  the  current  prevailing  at  th^a 
time. 

In  regard  to  the  current  stations  located  on  the  dumping-grounds,  the  currents 
shown,  with  the  possible  exception  of  those  in  the  towns  of  New  Haven  and  MilforiB.  ^ 
is  not  strong  enough  to  transport  the  dredgings  dumped  on  them,  so  that  little  fe 
of  the  distribution  of  this  material  in  the  Sound  need  arise. 

lu  conclusion,  the  circulation  of  the  sea  in  Long  Island  Sound  seems  to  me  to 
sufficient  to  allay  all  fears  of  its  waters  becoming  polluted.    It  is  time,  however, 
raise  in  general  a  warning  voice  against  what  is  now  a  common  practice,  and  th^-tf; 
is  converting  our  rivers,  harbors,  lakes,  and  sounds  into  receptacles  for  the  sewagie 
and  refuse  of  the  cities  and  factories  that  line  their  banks.    In  the  long  run  it  cjkzi 
only  work  an  injury,  which  as  population  becomes  more  dense  will  of  necessity  have 
to  be  considered  and  a  remedy  applied. 

Chemical  inquiry, — ^Mr.  I^eher  joined  the  Fish  Eawk  on  Jane  9, 1890, 
and  the  remainder  of  that  month  was  mostly  occupied  in  perfecting  the 
arrangements  for  the  chemical  analyses,  in  preparing  the  reagents,  and 
in  making  the  preliminary  tests.  For  the  convenience  of  this  work  a 
small,  temporary  laboratory  was  constructed  on  the  hatching  deck  of 
the  steamer,  where  observations  were  condacted  in  comparative  security. 

The  object  of  the  investigation  being  simply  to  ascertain  the  relative 
purity  of  the  water  in  the  Sound,  the  tests  applied  were  chiefly  those 
used  to  detect  sewage  contamination  by  volumetric,  colorometric,  and 
gasometric  methods.    The  Wanklyn  test  was  resorted  to  for  determin- 
ing the  amount  of  Iree  and  albuminoid  ammonia  contained  in  the  water, 
for  which  purpose  it  is  unsurx^assed  by  any  other.    Ammonia  being  one 
of  the  products  of  decomposition  of  organic  substances,  the  determina- 
tion of  its  quantity  in  any  given  sample  of  water  offers  a  means  of 
measuring  relatively  the  organic  pollution  of  the  same.    A  few  testa 
were  made  by  the  aluminium  method  for  ascertaining  the  amount  of 
nitrogen  as  nitrat<es  and  nitrites,  and  the  ratio  of  the  dissolved  oxygen 
was  also  determined  in  some  instances.    The  samples  of  water  analyzed 
were  taken  both  from  the  surface  and  from  the  bottom  in  all  depths 
down  to  28  fathoms,  and  under  many  different  conditions,  as  in  the 
open  sound  over  clean  bottom,  on  and  about  the dumpinggronnds, 
and  in  some  of  the  harbors. 

Owing  to  the  fact  that  no  standard  of  purity  of  sea  water  with  refer- 
ence to  oysters  or  to  the  general  health  of  adjacent  land  has  been 
established,  Mr.  Neher  found  it  difScult  to  interpret  his  results  in  that 
respect.  The  standards  followed  with  regard  to  potable  water  may  be 
used  for  comparison,  but  it  is  not  to  be  expected  that  such  low  organ- 
isms as  oysters  would  be  as  readily  affected  by  these  impurities  as  the 
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homan  system,  and  a  very  liberal  margin  may  be  allowed  in  favor  of 
the  former.  In  fa^t,  it  is  probable  that  a  very  large  percentage  of  what 
might  ordinarily  be  regarded  as  impnrity  in  potable  water  is  more 
beneficial  than  harmful  to  oysters.  When  the  amount  of  free  ammo- 
nia in  potable  water  exceeds  0.01  it  is  generally  considered  to  be  due  to 
recent  sewage  contamination,  and  the  amount  of  albuminoid  ammonia 
in  a  safe  drinking-water  should  not  much  exceed  0.015  parts  per  100,000 
parts  of  the  water.  The  figures  furnished  by  Mr.  N'eher's  tests  may  be 
summarized  as  follows :  At  the  mouth  of  the  Oonnecticut  Biver,  .005  of 
free  ammonia  and  .013  of  albuminoid  ammonia;  ou  a  line  across  the 
Sound  opposite  the  mouth  of  this  river,  .002  and  .015,  respectively;  a 
second  line  somewhat  further  west,  .005  and  .01 ;  a  line  opposite  Matini- 
cock  Point,  .01  and  .016;  at  Throgs  Neck,  .023  and  .018.  The  last  two 
undoubtedly  show  the  influence  of  the  East  Biver.  On  and  near  the 
dumping-grounds  off  New  Haven,  Bridgeport,  Norwalk,  and  Stamford 
the  amount  of  free  ammonia  ranged  from  .006  to  .013  and  the  albu- 
minoid ammonia  from  .014  to  .019.  These  dumping-places  have  always 
been  regarded  as  the  most  serious  menaces  to  the  oyster-grounds  in 
long  Island  Sound,  but  the  chemical  observations  fail  to  support  that 
claim.  In  New  Haven  Harbor  the  free  ammonia  amounted  to  .013  and 
the  albuminoid  to  .018,  while  in  Bridgeport  Harbor  they  were  .02  and 
.018,  respectively. 

The  results  of  analyses  made  in  three  other  bodies  of  water  may  be 
noted  here  for  the  sake  of  comparison,  the  first  figures  given  in  each 
case  being  those  for  the  f^ee  and  the  last  for  the  albuminoid  ammonia, 
as  above.  Lake  Ontario,  0.002  to  0.004  and  0.013  to  0.020 ;  Oneida  Lake, 
0.OO4  to  0.008  and  0.015  to  0.024;  Thames  Biver,  England,  0.004  to 
0.176  and  0.028  to  0.035. 

It  may,  therefore,  safely  be  concluded  that  so  far  as  regards  organic 
imparities,  the  oyster  beds  in  Long  Island  Sound  are  in  no  immediate 
danger  fix>m  that  cause.  The  results  of  the  dredging  work  also  sup- 
port this  conclusion,  the  animals  taken  of  all  kinds  being  generally  in 
a  good  and  healthy  condition. 

Life  history  of  the  starfish. — In  connection  with  the  investigation 
of  starfish  depredations,  a  special  study  of  the  embryology  and  life 
histoiy  of  this  species  was  begun  at  Woods  Holl  Station  during  the 
summer  of  1889  by  Prof.  W.  K.  Brooks,  of  Johns  Hopkins  University, 
and  was  again  taken  up  during  the  season  of  1890,  by  one  of  his  assist- 
ants, Mr.  George  W.  Field.  Both  of  these  biologists  have  published 
brief  notices  of  their  preliminary  results  in  the  Johns  Hopkins  Univer- 
sity circulars,  vol.  x.  No.  88,  1891  •  This  inquiry  will  be  continued  in 
subsequent  years,  and  it  is  expected  that  some  conclusions  may  be 
reached  which  wiU  be  of  considerable  practical  importance. 


*  On  the  early  stages  of  Echinoderms;  by  W.  K.  Brooks.    Contribations  to  the 
embryology  ofAsterioi  vulgaris  {Forbesii);  by  Qeorge  W.  Field. 
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In  Prof.  Libbey's  report  for  1889  the  vertical  water  temperature  cnr^ 
are  represented  by  nine  profiles,  and  twenty-seven  sectional  diagnu 
have  been  prepared  for  the  report  of  1890^  as  well  as  several  plates  sho 
ing  the  surface  isotherms  from  time  to  time.  The  hourly  changes  of  \ 
and  surface  water  temperatures  for  each  day  while  the  survey  was 
progress  are  also  illustrated  in  the  same  graphic  manner,  being  bas 
upon  the  records  made  at  the  three  stations  and  on  board  the  vesse 
Prof.  Libbey  has  likewise  summarized  the  results  of  observationB  up 
the  direction  and  force  of  the  winds,  as  given  on  the  Hydrograpl 
0£Bce  pilot  charts  of  the  North  Atlantic  Ocean,  in  order  to  aflEbrd 
insight,  if  possible,  into  the  relations  between  the  winds  and  the  pc 
tions  taken  by  the  northern  boundary  of  the  warm  waters  coming  in 
the  Oulf  Stream. 

By  means  of  the  observations  so  tax  made  it  has  been  possible 
indicate  very  clearly,  for  the  region  and  periods  covered  by  the  exai 
nation,  the  distribution  of  the  bands  of  equal  water  temi)erature  be 
vertically  and  superficially,  and  the  relations  of  the  cold  and  wai 
water  bodies  to  one  another.  The  charts  of  surface  isotherms  < 
especially  interesting  as  furnishing  a  possible  key,  in  connection  wi 
meteorological  conditions,  to  the  physical  changes  at  greater  or  h 
depths,  which  relate  to  the  movements  of  fishes. 

Aside  from  the  more  general  subdivision  into  Oulf  Stream  and  Ls 
rador  current,  Prof.  Libbey  states  that  two  different  sets  of  currei 
have  to  be  dealt  with  in  the  study  of  this  region.  First  are  the  d€ 
currents  which  fiow  in  two,  and  generally  opposite,  directions  alongsj 
of  one  another,  their  courses  being  controlled  more  by  the  mechanic 
infiuence  of  the  impact  of  one  current  upon  the  other,  their  relati 
velocities,  etc.,  than  by  changes  in  temperature  and  density.  Seco 
come  the  surface  currents,  which  flow  in  the  same  general  directions 
the  deep  ones  and  are,  of  course,  subject  to  the  same  mechanical  lai 
but  their  courses  are  additionally  affected  to  a  considerable  degree 
the  frictional  influeuce  of  the  winds.  Moreover,  they  present  a  pe< 
liarity  not  detected  in  connection  with  the  deep  currents,  in  that  o 
tain  branches  are  apparently  reversed.  The  outlying  bands  of  warn 
and  denser  water,  which  pass  off  Ifrom  the  shore  side  of  the  Gulf  Strea 
seem  to  be  drifted  toward  the  shore  or  away  from  it  to  an  extent  ( 
pendent  upon  the  direction,  velocity,  and  duration  of  the  winds.  Wh 
they  are  forced  toward  the  shore,  thus  bridging  over  the  colder  ci 
rents,  as  they  proceed  farther  and  farther  from  the  original  source 
their  velocity,  they  become  overpowered.  Although  retaining  much 
their  temperature  and  density,  even  to  a  considerable  depth,  th< 
direction  is  then  sometimes  at  right  angles  and  finally  opposite  to  th( 
first  course. 

In  connection  with  this  investigation,  the  surface-towing  nets  wc 
constantly  employed,  and  a  large  and  valuable  collection  of  pelai 
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orgsnisms  was  thus  obtained.  Those  collected  in  1889  have  been  re- 
2K>rted  upon  by  Prof,  W.  K.  Brooks,  in  the  paper  of  Prof.  Libbey  above 
dted,  and  the  material  subsequently  taken  has  been  referred  to  Prof. 
Brooks  and  otbers  for  examination.  During  the  first  summer  Prof. 
Magie  took  advantage  of  the  opportunity  afforded  to  secure  a  set  of 
observations  on  the  electric  conditions  of  the  atmosphere,  which  have 
also  been  published  in  Prof.  Libbey's  report 

Southern  mackerel-grounds. — From  May  5  to  June  8, 1891,  the  schooner 
Sr^mpus  was  engaged  in  making  a  series  of  observations  over  the 
mackerel-grounds,  from  Delaware  northward  to  Massachusetts.  This 
vas  in  continuation  of  similar  inquiries  made  in  previous  years  to  de- 
termine so  far  as  i>ossible  the  temperature  and  other  physical  phenom- 
ena connected  directly  with  the'  northerly  movement  of  the  advance 
schools  of  mackerel  along  the  coast.  As  is  well  known,  these  fish 
first  make  their  appearance  inside  of  the  warm  waters  of  the  Gulf 
Stream  at  a  variable  distance  north  of  Cape  Hatteras,  and  work  thence 
northward  or  approach  the  shores  at  successively  more  northern  lati- 
tudes. The  first  schools  have  generally  been  seen  the  very  last  of 
March  or  early  in  April,  and  previous  to  the  enactment  of  the  law  pro- 
kibiting  the  use  of  purse  seines  before  June  1,  the  fishing  vessels  were 
accustomed  to  anticipate  their  coming  with  much  eagerness,  making 
diligent  search  for  them,  and  subsequently  following  the  fish  during 
their  migrations.  In  her  former  cruises  over  these  grounds  the  Grampus 
was  greatly  aided  by  the  presence  of  these  vessels,  which,  scattered 
over  a  rather  wide  area,  made  it  difficult  for  any  schools  of  fish  to  pass 
^noticed.  During  the  last  season,  however,  her  work  was  necessarily 
carried  on  without  this  very  material  assistance. 

The  principal  object  of  the  cruise  was  to  locate  the  early  schools  of 
inackerel,  to  follow  their  movements  northward  or  in  whatever  direc- 
tion they  might  take,  and  to  learn  everything  possible  regarding  the 
conditions  of  the  air  and  water  in  conne(;tion  with  their  habits.  As  it 
Was  somewhat  late  in  the  season  before  the  trip  began  it  was  expected 
that  the  schools  were  already  upon  the  grounds,  and  that  it  would  not 
be  necessary  to  proceed  very  far  south  before  meeting  them.  8uch  was 
found  to  be  the  case,  but  the  observations  were  carried  southward  from 
^oods  Holl  until  ike  fish  were  encountered,  and  thence  over  a  part  of 
the  area  through  which  they  had  passed,  in  order  to  obtain  the  neces- 
^  data  for  comparing  the  conditions  in  advance  of  the  first  schools 
with  those  existing  in  their  rear.  Subsequently  the  Orampus  followed 
the  scheols  as  far  as  Marthas  Vineyard,  taking  ripe  males  the  last  of 
^ay  and  ripe  females 'the  first  of  June,  in  that  vicinity.  The  physical 
observations  have  not  yet  been  reduced  and  compared. 
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INVE8TZOATZON  OF  nVTBRIOR  'WATEB3, 

ALAHKA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ex- 
ploring party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioD 
of  certain  Alaskan  salmon  rivers,  in  pursnance  of  an  act  of  Congresc 
approved  March  2, 1889.  This  act  was  based  npon  the  representations 
of  i)ersons  interested  in  the  preservation  of  the  important  industries 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisions 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  partj 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingstox 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Cali 
fornia;  Mr.  Franklin  Booth,  tox)ographical  engineer,  of  the  Universitj 
of  Califomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  anc 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska! 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  no: 
leave  Port  Townsend  uutil  July  19,  arriving  at  the  former  place  on  thi 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  oi)eratiom 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  E^ar 
luk  River  comprising  about  one-half  the  entire  yield  of  the  territory 
No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamei 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec] 
some  important  information  respecting  the  methods  there  employed,  a( 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th< 
salmon,  have  enabled  Dr.  Bean  to  report  in  fidl  upon  the  question! 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  th< 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kar 
luk,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bi^s  at  th< 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th< 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Beport  on  the  salmon  and  salmon  rivers  of  Alaaka,  with  notes  on  the  conditions, 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Boll.  U.  S.  Fiali 
Comm.^  DC,  1889;  pp.  165-208,  pl0.  XLV-LXXix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  the  most  important 

species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 

fin  for  it  a  reputation  not  warranted  by  its  edible  qualities.    The 

largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 

it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 

abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak, 

The  hampback  is  the  smallest,  most  abundant,  and  most  widely  dis- 

tribatedof  the  Alaskan  salmon.    It  is  not  taken  for  canning  purposes, 

bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 

it  is  destined  to  become  of  great  importance  in  that  connection.    The 

riivtf  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 

1^  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 

of  the  least  imx>ortant  of  the  group.    The  steelhead  or  hardhead  is 

Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 

k  not  canned. 

It  was  imi>os8ible  to  determine  if  a  decrease  had  occurred  among 

&&y  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 

^ve  information  regarding  their  previous  abundance.    In  £eM)t,  it  is  to 

^  doubted  if  more  than  one  species — ^the  red  salmon — is  in  imminent 

d^ajiger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 

^^cess.    However,  any  injudicious  methods  which  might  be  established 

^  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 

^t^liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 

^  Uestion  were  continued.    An  illustration  is  fornished  by  Dr.  Bean  with 

^^^spectto  the  dolly  varden  trout,  of  which,  hesays,  great  numbers  are 

'^ken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states : 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  number 

of  persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 

Ha  capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 

*«iBeB,  and  men  largely  augmented.    That  there  wiU  be  a  falling  off  in  the  supply 

▼eiy  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

ite  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 

hi  the  Karluk  Biver.    At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 

^asians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 

^QBdnete,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

tbe  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
Bioner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^^cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
<^1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
^retaryof  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pfftctioed  in  connection  with  the  canneries  on  the  Kushagak  River 
^  Uie  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^&B  in  course  of  construction  across  the  Wood  River,  a  tributaarj  ot 
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ALASKA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ez 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean^  for  the  investigatio] 
of  certain  Alaskan  salmon  rivers,  in  pursaance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  ux)on  the  representation! 
of  persons  interested  in  the  preservation  of  the  important  indostriei 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  i)art; 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission ;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gab' 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  University 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyg 
ical  characteristics  of  their  environment;  the  methods,  statistics,  anj 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska- 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nc 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tli 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  therein 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princip^ 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territory 
'So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainei 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th< 
salmon,  have  enabled  Dr.  Beau  to  report  in  full  upon  the  questioni 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Eiver  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  AUtak  and  Olga  bi^s  at  th( 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  thi 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  riyeiB  of  Alaska,  with  notes  on  the  conditiona 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Boll.  U.  S.  Fial 
Comm.|  DC,  1889,  pp.  165-208,  pl0.  XLV-LXXix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  the  most  imx)OTtant 

species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 

vin  for  it  a  reputation  not  warranted  by  its  edible  qualities.    The 

largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 

it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 

aboDdantly  in  the  larger  rivers,  «uch  as  the  Yukon  and  the  Nushagak. 

The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 

tribated  of  the  Alaskan  salmon.    It  is  not  taken  for  canning  purposes, 

bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 

it  is  destined  to  become  of  great  importance  in  that  connection.    The 

rilrer  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 

red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 

of  the  least  imx>ortant  of  the  group.    The  steelhead  or  hardhead  is 

used  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 

is  not  canned. 

It  was  imi>ossible  to  determine  if  a  decrease  had  occurred  among 
My  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  £eM)t,  it  is  to 
^  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
^Xcess.    However,  any  injudicious  methods  which  might  be  established 
^^  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
^t;liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^tiestionwere  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
^^^^spectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
^^ken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states : 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
^^ persona  engaged  in  the  fishery  and  in  the  eiTectiveness  of  the  implements  nsed  in 
capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
f  and  men  largely  augmented.    That  there  will  be  a  falling  off  in  the  supply 
^ry  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 
tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 
and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
the  Karluk  Biver.    At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
ussians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 
»und  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 


The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^ioner  on  June  6, 1890,  with  recomukendations  as  to  additional  steps 
^b^cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

WhQe  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 

<^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

practaoed  in  connection  with  the  canneries  on  the  Kushagak  Biver 

^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

'Was  in  course  of  construction  across  the  Wood  River,  a  tributaarj  ot 
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In  the  last  report  reference  was  made  to  the  organization  of  an  ex 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursaance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  upon  the  representationf 
of  i)erson8  interested  in  the  preservation  of  the  important  indostriet 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioni 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  part] 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission ;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  iu  Gali 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  University 
of  Califomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phya 
ical  characteristics  of  their  environment;  the  methods,  statistics,  ani 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaskai 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  no 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tlu 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatiom 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
luk  Eiver  comprising  about  one-half  the  entire  yield  of  the  territory 
No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec 
some  important  information  respecting  the  methods  there  employed,  ai 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th< 
salmon,  have  enabled  Dr.  Beau  to  report  in  full  upon  the  question! 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Eiver  and  Lake,  including  th< 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  acj^acent  to  Kar 
luk,  on  the  northern  side  of  the  island;  of  AUtak  and  Olga  bs^s  at  tin 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th< 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  riyers  of  Alaska,  with  notes  on  the  conditiona 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Boll.  U.  S.  Fial 
Comm.i  DC|  1889,  pp.  165-208,  pl0.  XLV-LXXix. 
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The  red  salmon^  aooording  to  Dr.  Bean,  is  now  the  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  fiesh  is  so  red  as  to 
fin  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abnndantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bet  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
nlyer  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  sahnon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  imx>ortaDt  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
b  not  canned. 

It  was  imi>ossible  to  determine  if  a  decrease  had  occurred  among 
Any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  teyctj  it  is  to 
be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.    However,  any  injudicious  methods  which  might  be  established 
^  increase  the  catxsh  of  this  species  would  have  its  effect  upon  all  the 
^t;liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^tiestion were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
5''^spcctto  the  dolly  varden  trout,  of  which,  hesays,  great  numbers  are 
:en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
rpersona  engaged  in  the  fishery  and  in  the  eiTectiveness  of  the  implements  need  in 
capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
1,  and  men  largely  angmented.  That  there  will  be  a  falling  off  in  the  supply 
^"«I7  soon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
^^  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
Russians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
^^«imd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
16  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 


The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^ioner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^ecessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 

<^1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

pntcUoed  in  connection  with  the  canneries  on  the  Nushagak  Kiver 

^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

^a«  in  course  of  construction  across  the  Wood  River,  a  tribntorj  ot 
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ALASKA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  er 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean^  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  upon  the  representationf 
of  persons  interested  in  the  preservation  of  the  important  industriet 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioni 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  partrj 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission ;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  iu  Call 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  University 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distriba 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  ani 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaskai 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  no 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  th. 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatiom 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  Eiver  comprising  about  one-half  the  entire  yield  of  the  territory 
No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame: 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec 
some  important  information  respecting  the  methods  there  employed,  ai 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th< 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioni 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  th< 
open  bay  into  which  the  former  empties ;  of  Uyak  Bay  adjacent  to  Kar 
Ink,  on  the  northern  side  of  the  island;  of  AUtak  and  Olga  bays  at  th< 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th< 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Beport  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  oonditiona 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bnll.  U.  S.  Fial 
Comm.|  DC,  1889,  pp.  165-208,  pl0.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
fin  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earlnk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tributed of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
8ilv»  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
b  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
Any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  fisMst,  it  is  to 
I>e  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
^Xcess.    However,  any  injudicious  methods  which  might  be  established 
^  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
^t^liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^tiestion  were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
5^^«P©ctto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
:en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states : 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
^persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
I,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  sapply 
^'^ly  soon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
^'t^  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^^89  and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
iBsians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
>andnets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

Tbe  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Commis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
'>^«oessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  In  the  surveys  of  Bering  3ea,  during  the  summer 

of  1800,  the  steamer  AU>atros8  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

pfftetioed  in  connection  with  the  canneries  on  the  Nushagak  Biver 

^  ^  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

^AB  in  course  of  construction  across  the  Wood  Biver,  a  tribxitax^  ot 


132       B£POBT  OF  GOMMISSIONEB  OF  FI8H  AND  FISHSBIES. 


XNVBSTZaATZON  OF  INTBRIOR  WATBRa 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongrec 
approved  March  2y  1889.  This  act  was  based  upon  the  representatioi 
of  persons  interested  in  the  preservation  of  the  important  industric 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  nature 
history  and  industrial  features  relating  to  the  fisheries.  The  yenri 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsta 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universit 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyi 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nc 
leave  Fort  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka: 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territory 
No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steam( 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  t 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  tl 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Earluk  Biver  and  Lake,  including  tl 
open  bay  into  which  the  former  empties ;  of  Uyak  Bay  adjacent  to  Ea 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  tt 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tl 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 


*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  condition 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  Fis 
Comm.^  ix^  1889,  pp.  165-208,  pis.  xlv^lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earlnk,  occurs  more 
abnndantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silv^  ssdmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
fa  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
sin  J  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  &bctj  it  is  to 
be  doubted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.    However,  any  injudicious  methods  which  might  be  established 
^o  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
^ti-hers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^^estion were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
5^^sp©ctto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
:en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  aalinon  has  been  increaaing,  owing  to  the  increase  in  the  nnmber 
^persona  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
capture.  The  aize  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
I,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
'«ry  soon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^989  and  in  previous  seasons,  iigudicious  obstruction  of  the  ascent  of  spawning  fish 
the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
lasians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
^«>imd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
%lie  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
'Hcessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
^f  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
practioed  in  connection  with  the  canneries  on  the  Nushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^as  in  course  of  construction  across  the  Wood  River,  a  tributarj  ot 
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AIjAISXA* 

In  the  last  report  reference  was  made  to  the  organization  of  an  ez 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongresi 
approved  March  2, 1889.  This  act  was  based  npon  the  representation! 
of  persons  interested  in  the  preservation  of  the  important  industriei 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioni 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  part^ 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gali 
fomia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  University 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  ani 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska] 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  na 
leave  Fort  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  fleldwork  was  thereb~ 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation, 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territory 
;N^o  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame: 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec 
some  important  information  respecting  the  methods  there  employed,  ai 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioni 
proposed  by  Congress.* 

Examinations  were  made  of  Earluk  Biver  and  Lake,  including  th* 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bi^s  at  th( 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th< 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  conditions 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fiat 
Comm.^  IX,  1889,  pp.  165-208,  pis.  xlv-lxxix. 


REPORT  OF  CfOMMISSIONEB   OF   FISH   AND   FISHERIES.      133 

The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
brgest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abnndantly  in  the  larger  rivers,  sach  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribnted  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
sOver  salmon  is  used  to  some  extent  for  canning,  but  fitr  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
n  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 

siny  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 

tive  information  regarding  their  previous  abundance.    In  fisMst,  it  is  to 

be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 

danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 

^X:ces8.    However,  any  injudicious  methods  which  might  be  established 

^  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 

^t;liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 

^tiestion  were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 

5^^sp©ctto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 

:en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 

r persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 

capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 

I,  and  men  largely  augmented.    That  there  will  be  a  falling  off  in  the  supply 

^«ry  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

^'tk«  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 

the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 

issians,  was  placed  in  this  river.    At  the  time  of  our  visit  wc  saw  the  remains  of 

^«uiid  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

^^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Commis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  during  the  summer 
<^  1800,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
practioed  in  connection  with  the  canneries  on  the  Nushagak  Biver 
^  ^  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^nie  in  course  of  construction  across  the  Wood  River,  a  tributarj  ot 
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In  the  last  report  reference  was  made  to  the  organization  of  an  ex 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursnance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  npon  the  representation! 
of  persons  interested  in  the  preservation  of  the  important  indostriei 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisions 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  part] 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gali 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  IJniversitj 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phya 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an« 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska] 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  tkm 
leave  Fort  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation, 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kac 
luk  Biver  comprising  about  one-half  the  entire  yield  of  the  territory 
jSo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame: 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtained 
some  important  information  respecting  the  methods  there  employed,  ai 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th< 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  queetiont 
proposed  by  Congress.* 

Examinations  were  made  of  Earluk  Biver  and  Lake,  including  th< 
open  bay  into  which  the  former  empties ;  of  Uyak  Bay  adjacent  to  Ear 
luk,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bi^s  at  th( 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th( 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  conditions- 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fisl 
Comm.^  IX,  1889,  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
biIt^  ssdmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
k  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
Any  of  these  species  iu  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  fisust,  it  is  to 
'>e  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.    However,  any  injudicious  methods  which  might  be  established 
^  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
^t^liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^^estion  were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
^''^spect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  sahnon  haa  been  increasing,  owing  to  the  increase  in  the  nnmber 

^persona  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 

capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 

I,  and  men  largely  augmented.    That  there  will  be  a  fSalling  off  in  the  supply 

^^ly  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

^'^c  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 

the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 

issians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 

^«imd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

^1m  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^«cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  during  the  summer 

of  1890^  the  steamer  Albatro88  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

Pnu^oed  in  connection  with  the  canneries  on  the  Nushagak  Biver 

^  Ae  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

^ni6  in  course  of  construction  across  the  Wood  Biver,  a  tribxitax^  oi 
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ALASKA. 

In  the  last  report  reference  was  made  to  the  organization  of  ai 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investig 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Con; 
approved  March  2, 1889.  This  act  was  based  upon  the  represents 
of  persons  interested  in  the  preservation  of  the  important  indut 
which  have  been  developed  on  the  Pacific  coast,  and  made  provi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  nal 
history  and  industrial  features  relating  to  the  fisheries.  The  ] 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Living 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in 
foruia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  IJnivc 
of  California,  and  Mr.  Bobert  £.  Lewis,  rodman  and  general  assie 
The  instructions  called  for  observations  respecting  the  habits,  dist 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  ] 
ical  characteristics  of  their  environment;  the  methods,  statistics 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Ala 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  die 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  o: 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  th< 
greatly  shortened,  and  it  became  necessary  to  restrict  their  opera 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  prin 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  terri 
!No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  ste 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obti 
some  important  information  respecting  the  methods  there  employe 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obta 
combined  with  previous  observations,  especially  on  the  habits  ol 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  ques 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  includin] 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bi^s  a 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  c 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  r 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  condl 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S 
Comm.,  ix^  1889,  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nnshagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
trilmted  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
sByer  ssdmon  is  used  to  some  extent  for  canning,  but  &r  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
b  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.  In  fisMst,  it  is  to 
be  doubted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illustration  is  Airnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  salmon  haa  been  increasing,  owing  to  the  increase  in  the  number 
of  penons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  used  in 
Hi  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
**tteB,  and  men  largely  augmented.  That  there  wiU  be  a  fSalling  off  in  the  supply 
T«ry  gooD  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
ite  tribotaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
18S9and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
io  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
avesians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
pouadnets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  Jnne  6, 1890,  with  recommendations  as  to  additional  steps 
i^^cessary  to  insore  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  sarveys  of  Bering  Sea,  daring  the  summer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-iishing 
Pfftctioed  in  connection  with  the  canneries  on  the  Nushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^aa  in  course  of  construction  across  the  Wood  River,  a  tribntarj  ot 
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In  the  last  report  reference  was  made  to  the  organization  of  an  ex 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursnance  of  an  act  of  Gongresf 
approved  March  2, 1889.  This  act  was  based  npon  the  representation! 
of  persons  interested  in  the  preservation  of  the  imx>ortant  indostriet 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisions 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  part^ 
consisted  of  Dr.  Bean,ichthyologist  of  theOommission;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gali 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  IJniversitj 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phya 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an« 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska] 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  mn 
leave  Fort  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation, 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Eiu: 
Ink  River  comprising  about  one-half  the  entire  yield  of  the  territory 
!No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame: 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec 
some  important  information  respecting  the  methods  there  employed,  ai 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th( 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  queetiont 
proposed  by  Congress.* 

Examinations  were  made  of  Earluk  Biver  and  Lake,  including  th< 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kbi 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  th( 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th< 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riverf 
which  empty  into  them. 

*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  conditions 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarieton  H.  Bean.  BuU.  U.  S.  Fisi: 
Comm.,  IX,  1889,  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
titt  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
trilmtedof  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silv^  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
ftny  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  fisust,  it  is  to 
'>e  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
^Xcess.    However,  any  injudicious  methods  which  might  be  established 
^  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
^t.1ier8  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^^estion were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
5''^«pectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  number 
^persona  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 
capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
),  and  men  hurgely  augmented.    That  there  will  be  a  fSalling  off  in  the  supply 
^«ry  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 
tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 
and  in  previous  seasons,  iigudicions  obstruction  of  the  ascent  of  spawning  fish 
the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
lasians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 
^«iuid  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
le  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 


The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Commis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^tcessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

WhQe  engaged  in  the  surveys  of  Bering  3ea,  during  the  summer 
of  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-iishing 
Pi^u^laoed  in  connection  with  the  canneries  on  the  Nushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^ae  in  course  of  construction  across  the  Wood  River,  a  tribntarj  ot 
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ALABKA, 

In  the  last  report  reference  was  made  to  the  organization  of  an  ex 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pnrsnance  of  an  act  of  Gongresi 
approved  March  2, 1889.  This  act  was  based  npon  the  representation] 
of  persons  interested  in  the  preservation  of  the  important  industries 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  part} 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Oommission;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gali 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  University 
of  California,  and  Mr.  Bobert  £.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  am 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska] 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  na 
leave  Fort  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereb~ 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation, 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kaz 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territory 
ISo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame: 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec 
some  important  information  respecting  the  methods  there  employed,  ai 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th( 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  queetioni 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bi^s  at  th< 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Repurt  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  conditions 
methods^  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fial 
Comm.^  ix^  1889,  pp.  165-208,  pis.  XLV-LXXix. 
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I  The  red  salmon^  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
I  species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
I  titt  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
nlTerssdmon  is  used  to  some  extent  for  canning,  but  fitr  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
b  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
AQy  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  &ctj  it  is  to 
I>e  doubted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
^Xcess.    However,  any  injudicious  methods  which  might  be  established 
^  increase  the  catch  of  this  sx>ecies  would  have  its  effect  upon  all  the 
^t^liers  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
^^estion were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
5^^«P©ct  to  the  doUy  varden  trout,  of  which,  he  says,  great  numbers  are 
en  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 

'  persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 

capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 

i,  and  men  largely  augmented.    That  there  will  be  a  fSalling  off  in  the  supply 

^«iy  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

^'tk«  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

and  in  previous  seasons,  ligudicions  obstruction  of  the  ascent  of  spawning  fish 

the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 

iBsians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 

^«imd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

^^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^^cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  daring  the  summer 

of  1800,  the  steamer  AWatross  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

pi^^Mstioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 

^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

^as  in  coarse  of  construction  across  the  Wood  Biver,  a  tribxitax^  ot 
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AIiASICA> 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio 
of  certain  Alaskan  salmon  rivers,  in  pursnance  of  an  act  of  Gongres 
approved  March  2^  1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  indostric 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  i>art 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Oommission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fomia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  IJniversit 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyi 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  m 
leave  Fort  Townsend  until  July  19,  arriving  at  the  former  place  on  tl 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  therel 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatioi 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princips 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territor; 
!No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steam< 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  £ 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  tt 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  tl 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Ka 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  tb 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tb 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 


*  Beport  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  eondltiooi 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BuU.  U.  S.  Fis 
Comm.,  ix^  1889,  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmoiiy  according  to  Dr.  Bean,  is  now  the  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  ent^^  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abondantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silTtf  ssdmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
used  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
ftny  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.  In  fisMst,  it  is  to 
bedoabted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
exeess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illastration  is  furnished  by  Dr.  Bean  with 
Inspect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  cfttch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  number 
<>f  peTBons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  used  in 
^capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
>*umb,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
T«ry  gooD  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
ite  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^and  in  previous  seasons,  iigudicions  obstruction  of  the  ascent  of  spawning  fish 
^  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
^Bsians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
POQiHl  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the  figh  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Commis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^coessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
<>f  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
priictioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^86  in  course  of  construction  across  the  Wood  River,  a  tributaarj  oi 
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AT.AHTTA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  e 
ploring  parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatii 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congre 
approved  March  2, 1889.  This  act  was  based  upon  the  representatioi 
of  persons  interested  in  the  preservation  of  the  important  industri 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natun 
history  and  industrial  features  relating  to  the  fisheries.  The  par 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsta 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Ga 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universi 
of  GaUfomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistai 
The  instructions  called  for  observations  respecting  the  habits,  distrib 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phj? 
ical  characteristics  of  their  environment;  the  methods,  statistics,  ai 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaslu 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  n 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  ti 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  therel 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatioi 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princip 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka 
luk  Eiver  comprising  about  one-half  the  entire  yield  of  the  territor 
"So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steam* 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtains 
some  important  information  respecting  the  methods  there  employed, ; 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  ma 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtaine 
combined  with  previous  observations,  especially  on  the  habits  of  ti 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  tl 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Ka 
luk,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  ti 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tl 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rive 
which  empty  into  them. 

*  Beport  on  the  Balmon  and  sahnon  rivers  of  Alaska,  with  notes  on  the  eonditioii 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fii 
Comm.;  IX,  1889,  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  tlie  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
tin  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karlnk,  occurs  more 
abandantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
Thehnmpback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
BilTtf  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 

any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi* 

tiveiDformation  regarding  their  previous  abundance.    In  tActj  it  is  to 

be  doabted  if  more  than  one  species — ^the  red  salmon — is  in  imminent 

danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 

<^ce8S.    However,  any  injudicious  methods  which  might  be  established 

to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 

others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 

<)Uestion  were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 

^■^^spectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 

^*^ken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 

'persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 

capture.    The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 

),  and  men  largely  augmented.    That  there  will  be  a  falling  off  in  the  supply 

^«ry  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

^^^  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

^^89  and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 

the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 

iBsians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 

^«imd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

^li«  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^^cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
of  1800,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
PnicUoed  in  connection  with  the  canneries  on  the  Fushagak  Kiver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^&6  in  course  of  construction  across  the  Wood  Biver,  a  tribntaiX^  oi 
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AT.AHTTA- 

In  the  last  report  reference  was  made  to  the  organization  of  an  ej 
ploring  parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congres 
approved  March  2, 1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  Industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission ;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universit 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyi 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  n( 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tl 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatioi 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princip^ 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka 
Ink  River  comprising  about  one-half  the  entire  yield  of  the  territory 
'So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamc 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  s 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtaine< 
combined  with  previous  observations,  especially  on  the  habits  of  tli 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  River  and  Lake,  including  tli 
open  bay  into  which  the  former  empties ;  of  Uyak  Bay  adjacent  to  Ka: 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  tb 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tfa 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 

*  Beport  on  the  salmon  and  sahnon  riven  of  Alaska^  with  notes  on  the  eonditioni 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Boll.  U.  S.  Fia 
Comm.^  IX,  1889;  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon^  aooording  to  Dr.  Bean,  is  now  tlie  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
brgest  and  finest  species  is  the  king  or  quinDat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karlnk,  occurs  more 
abandantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
Thehampback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribatedof  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  iu  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silytf  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
ttyof  these  species  in  the  region  examined,  owing  to  the  lack  of  posi* 
tive  information  regarding  their  previous  abundance.  In  £Bkct,  it  is  to 
bedoabted  if  more  than  one  species — ^the  red  salmon — is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
qaestion were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
wspectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
<^f  penons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 
ite  captare.  The  Bixe  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
i>iB6B,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
very  loon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 
^Ntans,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
^uod  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the  figh  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^ner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^^oessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
<^1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pnictioed  in  connection  with  the  canneries  on  the  Fushagak  Kiver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^  in  course  of  construction  across  the  Wood  River,  a  tribntarj  oi 


132       B£POBT  OF  C0MMIS8I0NEB  OF  FI8H  AND  FISHEBISa. 


INVESTiaATION  OF  INTBRIOR  WATBR8. 

AT.AHTTA, 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  inyestigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congres 
approved  March  2, 1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universit, 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  pcirty  could  reach  Kadiak  did  nc 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tb 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principt 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  E^ai 
Ink  River  comprising  about  one-half  the  entire  yield  of  the  territorj 
'So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mat 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtainec 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  question 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  River  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  biQTS  at  th 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  river 
which  empty  into  them. 

*  Bepurt  on  the  salmou  and  salmon  riven  of  Alaska,  with  notes  on  the  oouditiow 
methods,  and  needs  of  the  salmou  fisheries.  By  Tarleton  H.  Bean.  Boll.  U.  S.  Fisi 
Comm.,  IX,  1889,  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  tlie  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
tin  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
brgest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abandantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
Thehampback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribatedof  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
sily^  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi* 
tive  information  regarding  their  previous  abundance.  In  £Bkct,  it  is  to 
be  doubted  if  more  than  one  species — the  red  salmon — is  in  imminent 
dan^  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
qnestionwere  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
wspectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
<^f  persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
ite  captare.  The  siae  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
^f^f  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
very  loon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
ite  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 
^esians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
^QiHl  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the  68h  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
tioner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^^oessary  to  insnre  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,,  during  the  summer 
0^1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pnictioed  in  connection  with  the  canneries  on  the  Fushagak  Kiver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^  in  course  of  construction  across  the  Wood  River,  a  tributM:^  oi 
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INVESTIGATION  OF  INTERIOR  WATERS. 

AT.AHTTA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  inyestigatio 
of  certain  Alaskan  salmon  riversy  in  pursuance  of  an  act  of  Congrei 
approved  March  2, 1889.  This  act  was  based  upon  the  representatioi 
of  persons  interested  in  the  preservation  of  the  important  Industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natnra 
history  and  industrial  features  relating  to  the  fisheries.  The  pari 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingstc 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universil 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phy 
ical  characteristics  of  their  environment;  the  methods,  statistics,  ai 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  m 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tl 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  therel 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatioi 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princip; 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka 
luk  Biver  comprising  about  one-half  the  entire  yield  of  the  territor; 
'So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steam< 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  s 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  tl 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  tl 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  £a 
luk,  on  the  northern  side  of  the  island;  of  Ahtak  and  Olga  bays  at  tl 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tl 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 


*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska^  with  notes  on  the  condition 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fie 
Comm.^  IX,  1889,  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  tlie  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  iiesli  is  so  red  as  to 
tin  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
brgest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abandantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
Thehampback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
rily^  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
used  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
ftny  of  these  8i>ecies  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  £Bkct,  it  is  to 
be  doabted  if  more  than  one  species — ^the  red  salmon — is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
^cess.    However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  aU  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
<)Uestion were  continued.    An  illustration  is  furnished  by  Dr.  Bean  with 
''"Aspect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
^^ken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
capture.  The  size  of  seines  has  been  greatly  enlarged^  and  the  nnmber  of  boats, 
),  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
^«ry  soon  there  can  be  no  donbt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
^^  tribntaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
-^-^89  and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^^  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 
^^Bsians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
^«imd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
^^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^«oes8ary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 

^  1890,  the  steamer  Albatross  wa«  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

pnictioed  in  connection  with  the  canneries  on  the  Fushagak  Kiver 

^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

'^as  in  course  of  construction  across  the  Wood  River,  a  tributars  oi 
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IN  V  IiSTIQATION  OF  INTBRIOR  WATBR8. 

AT.AHTTA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ex- 
ploring parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  inyestigatioi) 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  upon  the  representations 
of  persons  interested  in  the  preservation  of  the  important  industries 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisions 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural- 
history  and  industrial  features  relating  to  the  fisheries.  The  part^ 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingston 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Cali- 
fornia; Mr.  Franklin  Booth,  topographical  engineer,  of  the  University 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu- 
tion, abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys- 
ical characteristics  of  their  environment;  the  methods,  statistics,  anc 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaskan 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nol 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  th€ 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operationg 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principal 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kar- 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territory. 
"So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamei 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtained 
some  important  information  respecting  the  methods  there  employed,  a£ 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak- 
ing a  very  satisfactory  study  of  the  problem,  and  the  results  obtained, 
combined  with  previous  observations,  especially  on  the  habits  of  the 
salmon,  have  enabled  Dr.  Bean  to  report  in  fiill  upon  the  questions 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  the 
open  bay  into  which  the  former  empties ;  of  Uyak  Bay  adjacent  to  Kar- 
luk, on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bi^rs  at  the 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  the 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivers 
which  empty  into  them. 

*  Beport  on  the  salmon  and  sahnon  riven  of  Alaska^  with  notes  on  the  oouditions ^ 
methods^  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fist: 
Comm.;  IX;  1889;  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  the  most  imx>OTtant 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abandantlyin  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribatedof  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
sily^sidmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  sahnon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.  In  £Bkct,  it  is  to 
be  doubted  if  more  than  one  species — the  red  salmon — is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
wspectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  number 
<>f  penoDB  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 
iti  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
*>iBtt,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
T6iy  loon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
Its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 
^Bsians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
^uod  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
thefigh  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
tioner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^^oessary  to  insnre  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  snrveys  of  Bering  Sea,  during  the  summer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  sahnon-fishing 
Pnictioed  in  connection  with  the  canneries  on  the  Fushagak  Kiver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^&8  in  course  of  construction  across  the  Wood  Biver,  a  tributAX^  oi 
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INVESTiaATION  OF  INTBRIOR  WATBR8. 

AT.AHTTA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  e: 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  inyestigatic 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congrei 
approved  March  2, 1889.  This  act  was  based  npon  the  representatioi 
of  persons  interested  in  the  preservation  of  the  important  indu8tri< 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  pari 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingstc 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universil 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phy 
ical  characteristics  of  their  environment;  the  methods,  statistics,  ai 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  m 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tl 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  theret 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatioi 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princip: 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territor; 
Xo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steam< 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainc 
some  important  information  respecting  the  methods  there  employed,  i 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
iug  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  tl 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  tl 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Ka 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  biQrs  at  tl 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tl 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 

*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska^  with  notes  on  the  eondition 
methods^  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  8.  Fis 
Comm.,  IX;  1889^  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  tlie  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abnndaQtly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
Abated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
rilvtf  sidmon  is  used  to  some  extent  for  canning,  but  for  less  than  the 
nd  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
used  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi* 
tive  information  regarding  their  previous  abundance.  In  £Bkct,  it  is  to 
be  doubted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
dan^  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
aspect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Or.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
^^persoDB  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
^capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
*>iBeB,  and  men  largely  augmented.  That  there  will  be  a  faUing  off  in  the  supply 
T6iy  looQ  there  can  be  no  doabt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
^  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
Wand  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  the  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 
n>i88ia&8,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
Ponsd  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the68h  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^ner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^i^cessary  to  insnre  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  snrveys  of  Bering  3ea,  daring  the  summer 
^  1890,  the  steamer  Attatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  sabnon-iishing 
P^^ced  in  connection  with  the  canneries  on  the  Fushagak  River 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^w  in  course  of  construction  across  the  Wood  River,  a  tribvitars  ot 
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IN  V  IiSTZQATION  OF  INTBRIOR  WATBR8. 

AT.AHTTA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ex- 
ploring parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigation 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  upon  the  representations 
of  persons  interested  in  the  preservation  of  the  important  industries 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisions 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural- 
history  and  industrial  features  relating  to  the  fisheries.  The  party 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingston 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Cali- 
fornia; Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universitj? 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant. 
The  instructions  called  for  observations  respecting  the  habits,  distribu- 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys- 
ical characteristics  of  their  environment;  the  methods,  statistics,  and 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaskan 
waters  for  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  not 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  the 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  therebj 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operations 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa' 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kar- 
Ink  River  comprising  about  one-half  the  entire  yield  of  the  territory 
"No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamei 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtained 
some  important  information  respecting  the  methods  there  employed,  a£ 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak- 
ing a  very  satisfactory  study  of  the  problem,  and  the  results  obtained, 
combined  with  previous  observations,  especially  on  the  habits  of  the 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questions 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  River  and  Lake,  including  the 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kar- 
luk, on  the  northern  side  of  the  island;  of  AUtak  and  Olga  biQrs  at  the 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  the 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivers 
which  empty  into  them. 

,  I   I  II     B       ,  ,  T 1 ~ ' " ■ ■ -    TW -^ 

*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  oonditioift»- 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  FiA 
Comm.;  IX,  1889^  pp.  165-208^  plB,  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  tlie  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  iiesli  is  so  red  as  to 
trill  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  hampback  is  the  smallest,  most  abundant,  and  most  widely  dis* 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silTtf  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
nd  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
tty  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.  In  tActj  it  is  to 
bedoabted  if  more  than  one  species — ^the  red  salmon — is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
<iaestion were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
lespectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  Balmon  has  been  increasing,  owing  to  the  increase  in  the  number 

®f  persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 

^capture.    The  shee  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 

"^iseB,  and  men  largely  augmented.    That  there  will  be  a  falling  off  in  the  supply 

^^  80011  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

'^  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

^^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 

^  the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 

^nians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 

^ond  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

^^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^^cessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 

^f  1800,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

Vnictioed  in  connection  with  the  canneries  on  the  Fushagak  Kiver 

^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

^rag  in  course  of  construction  across  the  Wood  Biver,  a  tribvitax^  ot 
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INVESTIGATION  OF  INTERIOR  WATERS. 

AT.AHTTA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  parly  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  inyestigatio 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congree 
approved  March  2, 1889.  This  act  was  based  upon  the  representatioi 
of  persons  interested  in  the  preservation  of  the  important  industric 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioi 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universit 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyi 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nc 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tb 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operatioi 
to  the  inlands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principi 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka: 
Ink  Biver  comprising  about  one-half  the  entire  yield  of  the  territory 
No  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamc 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  s 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtainec 
combined  with  previous  observations,  especially  on  the  habits  of  tl 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questioi 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  tl 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Ka 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  tb 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tb 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 

*  Bepurt  on  the  salmon  and  salmon  rivers  of  Alaska^  with  notes  on  the  oonditionj 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  BoU.  U.  S.  Fib 
Comm.,  IX,  1889;  pp.  165-208,  plB,  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  the  most  irnxKntant 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  ent^^  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tributed of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silver  salmon  is  used  to  some  extent  for  canning,  but  te^r  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.    In  fiebct,  it  is  to 
be  donbted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
o^cess.    However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
<)uestion  were  continued.    An  illastration  is  furnished  by  Dr.  Bean  with 
*^ftspectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
^*^ten  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 
Dr.  Bean  states: 

The  catch  of  red  salmon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 

'persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 

captare.    The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 

)y  and  men  largely  augmented.    That  there  will  be  a  falling  off  in  the  supply 

^«ry  soon  there  can  be  no  doubt.    The  number  of  spawning  fish  in  Karluk  Lake  and 

'^'^  tributaries  last  year  was  unexpectedly  small.    There  was,  early  in  the  season  of 

^-^89  and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 

the  Karluk  River.    At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 

issians,  was  placed  in  this  river.    At  the  time  of  our  visit  we  saw  the  remains  of 

^^ondnete,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 

"^lie  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
^^tcessary  to  insure  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  daring  the  sammer 

of  1890,  the  steamer  Albatro$8  was  dispatched,  at  the  request  of  the 

Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 

Pnictioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 

^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 

^&s  in  coarse  of  construction  across  the  Wood  Biver,  a  tribxitarj  oi 
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INVESTZaATZON  OF  ZNTBRIOR  WATBRa 

AT.AffTTA, 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongree 
approved  March  2, 1889.  This  act  was  based  upon  the  representatioi] 
of  persons  interested  in  the  preservation  of  the  important  industric 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  iu  GaJ 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  ITniversit 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistan 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyi 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  n( 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tl 
28th  of  the  same  month.  The  season  suitable  for  fleldwork  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principi 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Ka; 
Ink  River  comprising  about  one-half  the  entire  jrield  of  the  territory 
Xo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamc 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  c 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtainec 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  Ml  upon  the  questioii 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  River  and  Lake,  including  tb 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  acy acent  to  £a 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  tfa 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  tb 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 


*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  oonditifmi 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  Fis 
Comm.,  IX,  1889;  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  the  most  imxHirtant 
species  for  canning  and  salting  in  Alaska,  and  its  iiesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abundantly  in  the  larger  rivers,  Buch  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
trilmted  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
silv^s^mon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
nsed  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
B  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  8x>ecie8  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive  information  regarding  their  previous  abundance.  In  fiebct,  it  is  to 
be  donbted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
othea^  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
qnestion were  continued.  An  illustration  is  fiirnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states : 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
of  persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
Hb  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
Mttes,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
▼try  Boon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
1889  and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  tile  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
l^esians,  was  placed  in  this  river.  At  the  time  of  onr  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  sabmitted  to  Congress  by  the  Commis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
itccessary  to  insure  the  protection  of  the  Alaskan  salmon-flsheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  during  the  summer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pi^ctioed  in  connection  with  the  canneries  on  the  Fushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
Was  in  course  of  construction  across  the  Wood  Biver,  a  tiibxitaiS^  oi 
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INVESTZaATZON  OF  ZNTBRIOR  WATBRa 

ALASKA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongree 
approved  March  2, 1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fomia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  ITniversit 
of  Califomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistanl 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyt 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nc 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principt 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  Eiver  comprising  about  one-half  the  entire  yield  of  the  territory 
'So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamc 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtainec 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  fiill  upon  the  question 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  biQrs  at  th 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  river 
which  empty  into  them. 


*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  oonditioni 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  FisJ 
Comm.,  IX,  1889,  pp.  165-208,  pis.  xlv-lxxix. 


BBPORT  OF  COMMISSIONER  OF   FISH  AND   FISHEIUES.      133 

The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
trilmted  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
Bily^s^mon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  imi>ortant  of  the  group.  The  steelhead  or  hardhead  is 
nsed  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
ti?e  information  regarding  their  previous  abundance.  In  fiebct,  it  is  to 
be  doubted  if  more  than  one  species — the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  species  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
othea^  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
qnestion  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
lespectto  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  sahnon  has  been  increaBing,  owing  to  the  increase  in  the  number 
ofpenons  engaged  in  the  fisheiy  and  in  the  effectiveness  of  the  implements  need  in 
Hb  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
MiBeSy  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
▼wy  Boon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
Hs  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
18S9and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
io  tike  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
l^issians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^ecessary  to  insure  the  protection  of  the  Alaskan  salmon-flsheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  during  the  summer 
<^1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
P^Uoed  in  connection  with  the  canneries  on  the  Fushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^w  in  course  of  construction  across  the  Wood  Biver,  a  tiibxitars  oi 
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INVESTIGATION  OF  INTBXaOR  WATBR8. 

ALASKA. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ei 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongree 
approved  March  2, 1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Cal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  ITniversit 
of  Galifomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistam 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyi 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nc 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  tb 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princips 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  River  comprising  about  one-half  the  entire  yield  of  the  territory 
'So  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mat 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtainec 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  Ml  upon  the  question 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  River  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
luk,  on  the  northern  side  of  the  island;  of  AUtak  and  Olga  biQrs  at  th 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivei 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  eonditioni 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  Fi& 
Comm.,  IX,  1889;  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinuat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abandantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tribotedof  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
sily^s^mon  is  used  to  some  extent  for  canning,  but  for  less  than  the 
red  salmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
Qsed  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
&ny  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
ti?e  information  regarding  their  previous  abundance.  In  fikct,  it  is  to 
be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  si>ecies  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
othea^  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  number 
of  persons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
Hb  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
MtteSy  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
Wy  Boon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
Wand  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  tbe  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
l^issians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
tte  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  sabmitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
necessary  to  insnre  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  daring  the  sammer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pi^ctioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
Was  in  coarse  of  construction  across  the  Wood  Biver,  a  tribxitaiS^  oi 
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UN  V  K8TZGATZON  OF  INTilKIOR  WATBR8. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ex- 
ploring party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigation 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Congress 
approved  March  2, 1889.  This  act  was  based  upon  the  representations 
of  persons  interested  in  the  preservation  of  the  important  industries 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisions 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  part^ 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission ;  Mr.  Livingstoi 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gali 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  ITniversitj 
of  California,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  anc 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaskai 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  not 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  th< 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereby 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation! 
to  the  isilands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kar 
Ink  Eiver  comprising  about  one-half  the  entire  yield  of  the  territory 
Xo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamei 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine<i 
some  important  information  respecting  the  methods  there  employed,  as 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  ths 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  questions 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  the 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kar 
Ink,  on  the  northern  side  of  the  island;  of  AUtak  and  Olga  biQrs  at  the 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  the 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  rivers 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  eonditionsj 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  Fish 
Comm.,  IX,  1889;  pp.  165-208;  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
trilmted  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
bOy^  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  ssdmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  important  of  the  group.  The  steelhead  or  hardhead  is 
used  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
tive information  regarding  their  previous  abundance.  In  fiebct,  it  is  to 
be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  si>ecies  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states : 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increaae  in  the  nnmber 
ofpersonB  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 
Hb  capture.  The  aize  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
i^esy  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
▼vy  Boon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
1889 and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  tbe  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
l^issians,  was  placed  in  this  river.  At  the  time  of  onr  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
iKccessary  to  insure  the  protection  of  the  Alaskan  salmon-flsheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pi^ctioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^&s  in  course  of  construction  across  the  Wood  Biver,  a  tribxitars  oi 
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In  the  last  report  reference  was  made  to  the  organization  of  an  es 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio: 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongres 
approved  March  2, 1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provision 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission ;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  ITniversit, 
of  CaUfomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistani 
The  instructions  called  for  observations  respecting  the  habits,  distribi 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phyf 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  nc 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  princips 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  Eiver  comprising  about  one-half  the  entire  yield  of  the  territory 
jS^o  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steamc 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtaine 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtainec 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  Ml  upon  the  question 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  acy acent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  biQrs  at  th 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  river 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  rivers  of  Alaska^  with  notes  on  the  oonditioni 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  Fiai 
Comm.,  IX,  1889;  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  imx>ortant 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
trilmted  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  fresh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
nlv^  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  ssdmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  imi>ortant  of  the  group.  The  steelhead  or  hardhead  is 
nsed  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
ti?e  information  regarding  their  previous  abundance.  In  fikct,  it  is  to 
be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  si>ecies  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
othea^  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
qnestion were  continued.  An  illustration  is  fiirnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states : 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
of  persons  engaged  in  the  fisheiy  and  in  the  effectiveness  of  the  implements  nsed  in 
Hb  captare.  The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
■csBefi,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
▼wy  Boon  there  can  be  no  doubt.  The  nnmber  of  spawning  fish  in  Karluk  Lake  and 
Hs  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  tike  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapar  of  the 
^Bsians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  sabmitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
'i^eessary  to  insure  the  protection  of  the  Alaskan  salmon-flsheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  daring  the  sammer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fisliing 
Pi^ctioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
Wag  in  course  of  construction  across  the  Wood  Biver,  a  tribxitarj  oi 
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UN  V  K8TZGATZON  OF  INTilKIOR  WATBR8. 

In  the  last  report  reference  was  made  to  the  organization  of  an  es 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatio] 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongres 
approved  March  2, 1889.  This  act  was  based  upon  the  representation 
of  persons  interested  in  the  preservation  of  the  important  industrie 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisiou 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natura 
history  and  industrial  features  relating  to  the  fisheries.  The  part, 
consisted  of  Dr.  Bean, ichthyologist  of  the  Commission;  Mr.  Livingsto 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gal 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universit 
of  CaUfomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistani 
The  instructions  called  for  observations  respecting  the  habits,  distribc 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaska 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  no 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  th 
28th  of  the  same  month.  The  season  suitable  for  field  work  was  thereb 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principt 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  River  comprising  about  one-half  the  entire  yield  of  the  territorj 
Xo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainei 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mal 
ing  a  very  satisfia^ctory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th 
salmon,  have  enabled  Dr.  Bean  to  report  in  full  upon  the  question 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  River  and  Lake,  including  th 
open  bay  into  which  the  former  empties;  of  UyakBayacyacentto  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  bays  at  th 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  river 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  oonditioni 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean.  Bull.  U.  S.  Fisl 
Comm.,  IX,  1889;  pp.  165-208^  pis.  xlv-lxxix. 
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The  red  salmon,  aooording  to  Dr.  Bean,  is  now  the  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Karluk,  occurs  more 
abundantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
The  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tributed of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  firesh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
rilver  salmon  is  used  to  some  extent  for  canning,  but  fitr  less  than  the 
red  ssdmon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  imi>ortant  of  the  group.  The  steelhead  or  hardhead  is 
nsed  only  to  a  limited  extent,  while  the  dolly  yarden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
any  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
ti?e  information  regarding  their  previous  abundance.  In  fikct,  it  is  to 
be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  si>ecie8  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
question  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  hesays,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  sabnon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
ofpenons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  nsed  in 
Hb  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  nnmber  of  boats, 
Misefi,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
▼try  Boon  there  can  be  no  doubt.  The  nnmber  of  spawning  fish  in  Karluk  Lake  and 
its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
Wand  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
10  tbe  Karluk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
^Bsians,  was  placed  in  this  river.  At  the  time  of  our  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
the  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
Roner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
iKccessary  to  insnre  the  protection  of  the  Alaskan  salmon-fisheries. 

While  engaged  in  the  surveys  of  Bering  3ea,  during  the  summer 
^  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pi^ctioed  in  connection  with  the  canneries  on  the  Nushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^&s  in  course  of  construction  across  the  Wood  Biver,  a  tribxitairs  oi 
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INVESTIGATION  OF  INTBXUOR  WATBR8. 

In  the  last  report  reference  was  made  to  the  organization  of  an  ex 
ploring  party  in  charge  of  Dr.  Tarleton  H.  Bean,  for  the  investigatioi 
of  certain  Alaskan  salmon  rivers,  in  pursuance  of  an  act  of  Gongre» 
approved  March  2, 1889.  This  act  was  based  upon  the  representation! 
of  persons  interested  in  the  preservation  of  the  important  industriei 
which  have  been  developed  on  the  Pacific  coast,  and  made  provisioni 
both  for  the  protection  of  the  salmon  and  for  the  study  of  the  natural 
history  and  industrial  features  relating  to  the  fisheries.  The  partj 
consisted  of  Dr.  Bean,  ichthyologist  of  the  Commission;  Mr.  Livingsto] 
Stone,  superintendent  of  the  Fish  Commission  salmon  station  in  Gali 
fornia;  Mr.  Franklin  Booth,  topographical  engineer,  of  the  Universitj 
of  Califomia,  and  Mr.  Robert  E.  Lewis,  rodman  and  general  assistant 
The  instructions  called  for  observations  respecting  the  habits,  distribu 
tion,  abundance,  etc.,  of  the  salmon  and  associated  species;  the  phys 
ical  characteristics  of  their  environment;  the  methods,  statistics,  an< 
conditions  of  the  fishery,  and  the  necessities  and  advantages  of  Alaskai 
waters  tor  the  artificial  propagation  of  the  salmon. 

The  first  steamer  by  which  the  party  could  reach  Kadiak  did  no 
leave  Port  Townsend  until  July  19,  arriving  at  the  former  place  on  thi 
28th  of  the  same  month.  The  season  suitable  for  fieldwork  was  thereb; 
greatly  shortened,  and  it  became  necessary  to  restrict  their  operation 
to  the  islands  of  Kadiak  and  Afognak,  where,  howeyer,  the  principa 
salmon  fishery  in  Alaska  was  then  being  conducted,  the  catch  on  Kai 
Ink  Eiver  comprising  about  one-half  the  entire  yield  of  the  territory 
Xo  examination  has  been  made  of  Cook  Inlet,  but  in  1890  the  steame 
Albatross  visited  the  fishery  at  the  head  of  Bristol  Bay  and  obtainec 
some  important  information  respecting  the  methods  there  employed,  a 
explained  below.  Kadiak  Island,  however,  afforded  the  means  for  mak 
ing  a  very  satisfactory  study  of  the  problem,  and  the  results  obtained 
combined  with  previous  observations,  especially  on  the  habits  of  th< 
salmon,  have  enabled  Dr.  Bean  to  report  in  fiill  upon  the  question] 
proposed  by  Congress.* 

Examinations  were  made  of  Karluk  Biver  and  Lake,  including  th( 
open  bay  into  which  the  former  empties;  of  Uyak  Bay  adjacent  to  Kai 
Ink,  on  the  northern  side  of  the  island;  of  Alitak  and  Olga  biQrs  at  th< 
southeastern  end  of  the  island,  and  of  Afognak  Bay  on  the  island  of  th< 
same  name,  including  in  the  case  of  each  bay  the  small  salmon  riven 
which  empty  into  them. 

*  Report  on  the  salmon  and  salmon  rivers  of  Alaska,  with  notes  on  the  eonditionB 
methods,  and  needs  of  the  salmon  fisheries.  By  Tarleton  H.  Bean,  Bnll.  U.  S.  Fiat 
Comm.,  IX,  1889,  pp.  165-208,  pis.  xlv-lxxix. 
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The  red  salmon,  according  to  Dr.  Bean,  is  now  the  most  important 
species  for  canning  and  salting  in  Alaska,  and  its  flesh  is  so  red  as  to 
win  for  it  a  reputation  not  warranted  by  its  edible  qualities.  The 
largest  and  finest  species  is  the  king  or  quinnat  salmon,  which,  while 
it  enters  some  of  the  smaller  streams  like  the  Earluk,  occurs  more 
abandantly  in  the  larger  rivers,  such  as  the  Yukon  and  the  Nushagak. 
Tlie  humpback  is  the  smallest,  most  abundant,  and  most  widely  dis- 
tribated  of  the  Alaskan  salmon.  It  is  not  taken  for  canning  purposes, 
bat  being  one  of  the  most  palatable  species  in  the  firesh-run  condition 
it  is  destined  to  become  of  great  importance  in  that  connection.  The 
rilv^  salmon  is  used  to  some  extent  for  canning,  but  far  less  than  the 
red  sahnon,  while  the  dog  salmon  is  regarded  by  the  whites  as  one 
of  the  least  imi>ortant  of  the  group.  The  steelhead  or  hardhead  is 
nsed  only  to  a  limited  extent,  while  the  dolly  varden  trout  or  malma 
is  not  canned. 

It  was  impossible  to  determine  if  a  decrease  had  occurred  among 
&ny  of  these  species  in  the  region  examined,  owing  to  the  lack  of  posi- 
ti?e  information  regarding  their  previous  abundance.  In  fikct,  it  is  to 
be  doubted  if  more  than  one  species — ^the  red  salmon — ^is  in  imminent 
danger  in  that  regard,  as  it  is  the  only  si>ecies  which  is  fished  for  to 
excess.  However,  any  injudicious  methods  which  might  be  established 
to  increase  the  catch  of  this  species  would  have  its  effect  upon  all  the 
others  entering  the  streams  at  the  same  time,  or  while  the  practices  in 
qaestion  were  continued.  An  illustration  is  furnished  by  Dr.  Bean  with 
respect  to  the  dolly  varden  trout,  of  which,  he  says,  great  numbers  are 
taken  in  connection  with  the  red  salmon  and  left  to  die  on  the  beaches. 

Dr.  Bean  states: 

The  catch  of  red  sahnon  has  been  increasing,  owing  to  the  increase  in  the  nnmber 
of  penons  engaged  in  the  fishery  and  in  the  effectiveness  of  the  implements  need  in 
Hi  capture.  The  size  of  seines  has  been  greatly  enlarged,  and  the  number  of  boats, 
MiMB,  and  men  largely  augmented.  That  there  will  be  a  falling  off  in  the  supply 
▼try  Boon  there  can  be  no  doubt.  The  number  of  spawning  fish  in  Karluk  Lake  and 
its  tributaries  last  year  was  unexpectedly  small.  There  was,  early  in  the  season  of 
^and  in  previous  seasons,  injudicious  obstruction  of  the  ascent  of  spawning  fish 
^  the  Karlnk  River.  At  one  time  an  impassable  weir,  similar  to  the  Zapor  of  the 
Btiesians,  was  placed  in  this  river.  At  the  time  of  onr  visit  we  saw  the  remains  of 
pound  nets,  made  of  wire  netting,  which  interfered  so  seriously  with  the  ascent  of 
t^  fish  that  they  were  dismantled  by  unknown  parties  and  were  not  reestablished. 

The  report  of  Dr.  Bean  was  submitted  to  Congress  by  the  Gommis- 
^oner  on  June  6, 1890,  with  recommendations  as  to  additional  steps 
i^eeessary  to  insure  the  protection  of  the  Alaskan  salmon-flsheries. 

While  engaged  in  the  surveys  of  Bering  Sea,  during  the  summer 
^f  1890,  the  steamer  Albatross  was  dispatched,  at  the  request  of  the 
Secretary  of  the  Treasury,  to  investigate  the  methods  of  salmon-fishing 
Pi^ctioed  in  connection  with  the  canneries  on  the  Kushagak  Biver 
^  the  head  of  Bristol  Bay,  as  it  had  been  reported  that  a  barrier 
^&s  in  course  of  construction  across  the  Wood  Biver,  a  tribxitAS^  oi 
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the  I^nshagak.  Lieut.  Oominander  Tanner,  U.  S.  Navy,  who  made  the 
inspection,  found  that  a  double  trap  was  being  built  upon  the  WooA 
Biver,  about  20  miles  above  its  mouth  and  40  miles  firom  theNushagak 
cannery.  The  Wood  Biver  at  this  point  is  a  swift-running  stream  oi 
clear,  cold  water,  between  700  and  800  feet  wide  and  10  to  14  feet  deep. 
Operations  had  not  progressed  sufficiently  to  indicate  the  charactec 
and  extent  of  the  work,  but  the  plans  contemplated  an  oi)ening  in  mid- 
stream 100  feet  wide,  flanked  on  each  side  by  a  trap  40  feet  square, 
with  wings  extending  from  the  latter  to  the  shores.  The  report  of  Lieut. 
Commander  Tanner  was  submitted  to  the  Secretary  of  the  Treasury, 
who  decided  that  the  proposed  traps  were  obstructions  to  the  ascent 
of  salmon  within  the  meaning  of  the  law,  and  that  their  erection  wae 
therefore  illegal. 

Although  the  salmon-canning  industry  of  Alaska  is  of  very  recent 
origin,  the  amount  of  capital  invested  in  it  is  nearly  $4,000,000,  while 
the  output  in  1889  was  valued  at  about  $3,000,000,  which  is  greatly  in 
excess  of  the  value  of  the  yield  of  seal  skins  on  the  Pribilof  Islands  before 
the  reduction  was  made  in  the  number  of  seals  that  are  allowed  to  be 
killed  annually.  That  the  salmon  industry  in  that  region  is  capable  ol 
very  much  greater  development  is  unquestionable,  as  the  resources 
have  been  tapped  at  only  a  comparatively  few  places,  but,  unless  the 
fishery  is  carefully  guarded,  sooner  or  later  there  will  be  repeated  io 
Alaska  the  same  unfortunate  condition  of  affairs  which  has  obtained  in 
every  country  where  salmon  have  been  abundant.  The  salmon  spend 
most  of  their  time  at  sea.  The  spawning  instinct  leads  them  into  fresh 
waters,  which  furnish  the  necessary  conditions  for  the  hatching  of  the 
eggs  and  the  development  of  the  young  during  a  portion  of  their  exist- 
ence. The  different  species  vary  more  or  less  in  the  date  and  duration 
of  the  spawning  season  and  in  their  spawning  habits.  Some  enter  by 
preference  the  smaller  streams,  and  others  the  larger  rivers.  Some 
never  return  to  the  sea,  dying  soon  after  having  accomplished  their 
reproductive  functions,  while  others  may  survive  to  return  again  in  a 
subsequent  season.  This  habit  of  running  up  the  rivers  makes  them 
fall  an  easy  prey  to  the  fishermen,  especially  if  the  river  be  small  or 
shallow,  or  be  restricted  near  its  mouth.  It  is  evident  that  if  a  river 
channel  be  closed  against  their  ascent  no  spawning  can  be  accom- 
plished in  it,  and  from  what  is  known  of  their  habits  it  is  also  prob- 
able that  the  fish  will  not  seek  another  river  the  same  season.  They 
remain  below  the  obstruction,  unable  to  make  progress,  but  still  guided 
by  the  common  impulse  to  arrive  at  the  spawning-grounds.  Smaller 
barriers  and  large  nets,  of  one  character  or  another,  accomplish  the 
same  result,  although  on  a  lesser  scale,  as  they  are  generally  arranged 
to  retard  whatever  fish  are  not  captured. 

The  fishing  season  is,  to  be  sure,  restricted  in  its  duration,  and  in 
this  fact  the  fishermen  find  an  excuse  for  resorting  to  their  wholesale 
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methods  of  capture;  but^  whatever  may  be  the  circomstanceSy  there  is 
DO  warrant  for  destroying  any  product  which  is  the  common  property 
of  a  ooontry.  It  would,  therefore,  seem  advisable  to  institute  a  system 
of  inspection,  by  scientific  experts,  which  could  determine  periodically 
SQch  facts  as  might  be  considered  necessary  as  a  basis  for  regulations, 
the  expenses  to  be  met,  if  need  be,  by  a  slight  tax  upon  the  fishery.  By 
paying  prox>er  attention  to  the  habits  of  a  species,  by  prescribing  the 
methods  of  capture  or  by  limiting  the  amount  of  catch,  the  source  of  the 
indnstry  can  readily  be  maintained  and  its  permanency  insured.  The 
justice  of  such  provisions  are  undeniable,  and  those  who  are  directly 
interested  in  the  fishery  and  must  profit  by  its  permanence  should  be  the 
first  to  recognize  its  necessity.  An  inflexible  system  of  police  super- 
vision is  not  adequate  to  accomplish  this  purpose.  There  is  a  natural 
flnctoation  in  the  fish  supply,  and  the  conditions  which  surround  it 
vary  more  or  less  from  time  to  time. 

Considering  the  present  abundant  stock  of  salmon  in  Alaska,  and 
the  possibility  of  preserving  it  from  destruction,  it  seems  unnecessary 
to  bring  up  the  subject  of  artificial  propagation  as  a  means  of  maintain- 
ing or  increasing  the  supply.  Should  a  resort  to  such  measures  become 
necessary  at  any  time,  however,  it  would  not  be  difficult  to  find  proper 
sites  for  hatching-stations,  or  to  obtain  the  eggs  in  sufficient  quantities 
from  the  fish  captured  for  canning  or  salting  purposes;  but  at  present 
a  system  of  protection  seems  most  judicious  and  expedient. 

WYOMcma. 

The  Teliowstone  National  Park. — ^Two  investigations  have  been  made 
in  the  Yellowstone  National  Park  within  the  past  two  years,  the  first 
by  Dr.  David  S.  Jordan  and  Prof.  Charles  H.  Gilbert,  during  Sep- 
tember and  October,  1889,  the  second  by  Prof.  S.  A.  Forbes  and  Pro£ 
^win  Ldnton,  during  July  and  August,  1890.  These  inquiries  were 
histitated  chiefly  for  the  purpose  of  obtaining  information  to  be  used 
in  connection  with  the  stocking  of  certain  of  the  streams  and  lakes  with 
fiahes,  a  measure  which  had  previously  been  determined  upon  by  the 
Fish  Commissioner.  A  i>eculiarity  of  the  park  is  the  small  variety  of 
fishes  which  inhabit  it  and  the  entire  absence  of  fish  life  over  a  very  large 
ftresu  The  park  is  drained  by  tributaries  of  both  the  Mississippi  and 
the  Columbia  rivers,  being  traversed  toward  the  southwest  by  the  con- 
tinental divide,  which  extends  in  a  general  northwest  and  southeast 
direction.  The  streams  which  are  devoid  of  fishes  form  several  small, 
^tinct  basins,  in  each  of  which  it  is  proposed  to  plant  only  one  or  two 
^ies,  and  at  the  time  of  writing  this  report  considerable  progress 
bad  been  made  in  this  direction.  Under  the  conditions  which  there 
exist  not  only  may  all  suitable  waters  become  replete  with  fishes,  but 
it  is  expected  that  the  results  will  afford  an  interesting  study  in  accli- 
mation, owing  to  the  isolation  of  the  different  forms. 
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The  following  brief  account  of  the  principal  characteristics  of  th< 
park  from  an  ichthyological  standpoint  is  from  the  report  of  Dr.  Jor 
dan:* 

The  Yellowstone  Park  is  a  high  plateaa,  having  a  general  elevation  of  7,000 1* 
8,000  feet  above  the  sea.  Its  entire  sorface,  with  the  exception  of  the  Gallatii 
Range  of  moontaius  in  the  northwest  and  some  granitio  summits  in  the  northeasi 
ia  covered  with  lava,  with  its  varieties  of  obsidian,  rhyoUte,  etc.  Thia  mass  of  lav 
covers  to  a  great  depth  what  was  previously  a  basin  in  the  mountains.  Acoordin, 
to  Mr.  Hague,  the  date  of  the  lava  flow  is  probably  Pliocene.  Its  existence  was  c 
course  fatal  to  all  fish  life  in  this  region.  Since  its  surface  has  become  cold,  th 
streams  flowing  over  it,  most  of  them  now  wholly  unaffected  by  the  heat  withii 
have  become  well  stocked  with  vegetable,  insect,  and  crustacean  life,  bat  are  for  tii 
most  part  destitute  of  fishes.  The  cause  of  this  absence  of  fishes  is  to  be  found  i 
the  fact  that  nearly  all  the  streams  of  the  park,  on  leaving  the  lava  beds,  do  so  b 
means  of  vertical  falls  situated  in  deep  ca&ons.  Except  in  the  Yellowstone  and  i1 
tributaries,  in  Qibbon  River  and  in  Lava  Creek,  no  fishes  have  been  found  abov 
these  falls,  and  the  presence  of  fishes  in  the  Upper  Yellowstone  and  Lava  Creek  i 
doubtless  due  to  the  imperfect  character  of  the  watersheds  separating  theee  strean 
from  others.  Outside  of  the  park,  the  falls  in  Clark  Fork  of  the  Yellowstone  exolud 
fish  from  that  river,  and  perhaps  the  Great  Shoshone  and  American  Falls  in  Snal 
River  exclude  from  the  upper  part  of  the  stream  the  fauna  of  the  Lower  Columbh 
Another  supposed  obstacle  to  the  spread  of  fish  life  in  the  Yellowstone  Park  is  th 
presence  of  the  innumerable  hot  springs,  soifataras,  and  geysers,  for  which  tt 
legion  is  famoue. 

Dr.  Jordan's  trip  was  made  somewhat  late  in  the  season,  and  on  tha 
accoant  was  considerably  harried,  but  he  was,  nevertheless,  enabled  t 
study  the  leading  points  in  the  problem  which  had  been  suggested  t 
him.  Yellowstone  River  and  Lake,  including  all  their  western  tribi 
taries,  were  examined  at  many  places,  and  also  all  the  principal  stream 
and  lakes  of  the  Madison  and  Snake  Eiver  basins.  The  total  numbc 
of  fishes  discovered  was  10,  of  which  2  belong  to  the  Salmanidw  (th 
Rocky  Mountain  trout  and  the  whiteflsh),  1  is  the  miller's  thumb  c 
blob,  1  the  grayling,  4  are  minnows  and  chubs,  and  2  suckers.  ]^< 
where  above  the  falls,  except  in  the  Yellowstone  and  its  tributaries,  i 
Gibbon  River,  and  in  Lava  Creek,  were  any  fishes  found.  The  miller 
thumb  or  blob  was  very  abundant  above  the  falls  in  Gibbon  River,  an 
its  presence  there  is  unexplained;  but  the  occurrence  of  trout  in  Lav 
Creek,  where  they  are  common,  is  supposed  to  be  due  to  the  imperfec 
character  in  some  places  of  the  watershed  which  surrounds  it.  Th 
grayling  is  restricted  to  the  extreme  northwestern  part  of  the  pari 
Dr.  Jordan  describes  with  much  care  the  peculiarities  and  distributio 
of  the  difilerent  species,  and  the  characteristics  of  all  the  principal  laket 
rivers,  and  creeks  in  the  park,  making  his  report  invaluable  as  a  guid 
in  the  stocking  of  those  waters.  His  conclusions  regarding  the  suiti 
bility  of  certain  areas  for  that  purpose  are  also  very  important. 


*A  reconnaissance  of  the  streams  and  lakes  of  the  Yellowstone  National  Pari 
Wyoming,  in  the  interest  of  the  U.  S.  Fish  Commission.  By  David  Starr  Jordai 
Bull.  U.  S.  Fish  Com.,  ix,  for  1889,  pp.  41-63,  pis,  \^I-xxII,  and  one  map. 
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Speaking  of  the  hot  springs^  solfataraa,  and  geysers,  he  states : 

Although  these  springs  exist  in  almost  every  lake  basin,  oaQon,  or  other  depres- 
8ion  in  the  park,  we  do  not  think  that,  in  their  present  condition  at  least,  they 
would  Btaod  in  the  way  of  the  stocking  of  the  streams  and  lakes  with  fishes.  The 
w»tfin  of  the  geysers  and  other  oalcareoos  and  silicious  springs  do  not  appear  to 
be  objeetionable  to  fishes.  In  Yellowstone  Lake  trout  are  especially  abundant 
abont  the  hot  overflow  from  the  Lake  Geyser  Basin.  The  hot  water  flows  for  a 
time  on  the  sur&ce,  and  trout  may  be  taken  immediately  under  these  currents. 
Troat  have  also  been  known  to  rise  to  a  fly  through  a  scalding  hot  surfisMse  current. 
They  also  linger  in  the  neighborhood  of  hot  springs  in  the  bottom  of  the  lakes. 
This  is  probably  owing  to  the  abundance  of  food  in  these  warm  waters,  bat  the  fact 
is  OTldont  that  geyser  water  does  not  kill  trout.  •  •  •  There  are,  however, 
nomeroas  springs  in  the  park  which  discharge  sulphurous  liquids,  very  offensive  in 
odor  and  doubtless  fatal  to  fishes.  Most  of  these  springs  have  but  a  very  slight 
diacharge,  and  so  exert  no  appreciable  itifluence  on  the  streams.  The  npper  part  of 
ObBidian  Greek,  between  Twin  Lakes  and  Beaver  Lake,  is  the  only  running  stream 
Dotioed  by  us  as  likely  to  prove  uninhabitable  by  fishes.  An  obstacle  of  equal  im- 
portance in  the  lower  course  of  the  same  creek  is  the  series  of  three  beaver  dams,  to 
which  the  existence  of  Beaver  Lake  is  due.  These,  with  their  covering  of  brush, 
most  be  wholly  impassable. 

During  1889  and  1890  the  following  plants  of  fishes  were  made  in 
the  Yellowstone  Park:  The  eastern  brook  trout  in  the  Gardiner  River 
and  its  west  fork;  the  mountain  trout  in  the  east  fork  of  the  Gardiner 
River;  the  California  or  rainbow  trout  in  Gibbon  Eiver;  the  Loch 
Leven trout  in  Firehole  River  and  Lewis  and  Shoshone  lakes;  the  Von 
Behr  trout  in  Nez  Perc^  Greek;  the  lake  trout  in  Lewis  and  Shoshone 
lakes;  the  native  whiteflsh  in  the  Twin  lakes  and  Yellowstone  River. 
^one  of  these  waters,  except  the  Yellowstone  and  Gibbon  rivers,  and 
possibly  the  East  Fork  of  the  Gardiner  River,  were  previously  inhabited 
by  fishes,  and  the  only  species  known  from  the  Gibbon  River  was  the 
little  blob  or  miller's  thumb.  With  the  exception  of  Lewis  and  Sho- 
shoue  lakes,  in  both  of  which  two  species  were  planted,  each  basin 
vas  supplied  with  only  a  single  species. 

The  observations  of  Dr.  Jordan  proved  conclusively  that  the  absence 
of  fishes  in  certain  parts  of  the  park  was  not  due  to  the  unsuitable 
condition  of  the  waters,  although  within  a  few  limited  areas  they  may 
be  unfitted  for  them.  However,  it  was  deemed  expedient  to  obtain 
more  positive  information  relative  to  the  character,  abundance,  and 
distribution  of  the  lower  forms  of  life,  on  which  the  introduced  species 
would  be  dependent  for  their  food,  as  a  deficiency  in  respect  to  such 
organisms  might  necessitate  tbeir  being  supplied  by  artificial  means. 
Arrangements  were  made  with  Prof.  S.  A.  Forbes,  director  of  the  State 
laboratory  of  natural  history  of  Illinois,  and  Prof.  Edwin  Linton,  of 
Washington  and  Jefferson  College,  Pennsylvania,  to  conduct  this  investi- 
gation during  the  summer  of  1890.  Prof.  Linton,  in  addition  to  assist- 
^^g  Prof.  Forbes  in  the  general  inquiry,  was  charged  with  the  special 
study  of  the  parasitic  worm  which  infests  so  large  a  proportion  of  the 
tfout  in  certain  portions  of  the  park,  penetrating  into  th^  fte^lv  ^iSi^ 
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rendering  it  unsightly.  Specimens  collected  by  Dr.  Jordan  the  previoni 
year  had  been  examined  by  him,  but  observations  were  desired  oi 
fresh  material  and  in  relation  to  the  life  history  of  the  species. 

The  party  reached  the  park  about  the  middle  of  Jnly,  and,  provided 
with  a  very  complete  outfit,  began  at  once  their  examinations,  whicl 
were  continued  until  August  30.  The  ground  gone  over  was  prac 
tically  the  same  that  had  been  traversed  by  Dr.  Jordan  in  1889,  in 
eluding  the  Gardiner,  Madison,  and  Yellowstone  river  systems  on  thi 
Atlantic  slope  of  the  continental  divide,  and  that  of  the  Snake  Biver  oi 
the  Pacific  slope.  Collections  were  made  in  43  localities.  The  princi 
pal  fishless  waters  visited  were  Shoshone  and  Lewis  lakes,  the  nppei 
Gibbon  and  its  tributaries,  the  Firehole  and  its  branches,  Goose  Lake 
Twin  Lakes,  Swan  Lake,  and  Tower  Greek.  The  effects  of  geyser  an( 
hot-spring  overflow  were  studied  especially  on  the  Firehole  and  on  Alun 
Creek,  and  of  the  intervention  of  tails  on  the  Gibbon  Biver  and  8om< 
of  its  tributaries.  The  highest  waters  examined  were  Mary  Lake 
having  an  altitude  of  8,200  feet,  and  a  small  lake,  near  Norris  Pass,  a 
about  the  same  level.  Dredging  was  carried  on  in  Yellowstone  Laki 
to  a  depth  of  195  feet.  The  general  collection  of  specimens  obtained  h 
very  large,  and  has  been  sent  to  the  State  Laboratory  of  Natural  His 
tory,  at  Champaign,  HI.,  where  it  is  being  carefully  studied  under  th< 
direction  of  Prof.  Forbes.  It  is  considered  to  be  sufliciently  complete 
to  explain  the  biological  conditions  existing  in  those  lakes,  i>onds,  riv 
ers,  and  creeks  which  are  devoid  of  fishes,  in  such  as  have  only  a  singL 
species  offish,  and  again  in  others  supporting  from  3  to  8  species  each 
Awaiting  the  preparation  of  Prof.  Forbes's  report,  we  are  able,  in  thi 
connection,  to  present  only  a  few  of  his  preliminary  conclusions,  whicl 
are  as  follows: 

The  waters  of  the  park,  wherever  they  were  examined,  were  found  U 
provide  a  fair  amount,  and  often  an  abundance,  of  animal  life  suitabL 
as  food  for  the  ordinary  carnivorous  fishes,  the  fishless  areas  being  m 
less  well  su])plied  in  this  respect  than  those  already  containing  trout 
These  observations,  therefore,  support  those  of  the  ichthyologists,  thai 
the  peculiar  distribution  of  the  fishes  in  this  region  can  be  explained 
alone  from  its  topographical  features,  which  have  had  no  noticeabh 
eflfect  upon  the  distribution  of  invertebrates.  Collections  made  boti 
above  and  below  the  falls  in  certain  rivers  show  that  these  obstructionf 
to  fish  migrations  have  in  no  way  interfered  with  the  dissemination  o 
the  lower  forms.  The  scarcity  of  fresh-water  mussels  and  crayfishes 
is  probably  due  to  the  chemical  condition  of  the  waters,  especially  ii 
the  absence  of  lime.  The  former  were  found  only  in  Canon  Greek, 
where  the  living  specimens  were  greatly  eroded  and  the  dead  shells 
rapidly  decalcified.  Crayfishes  have  also  been  recorded  from  only  b 
single  stream.  !No  isopod  crustaceans  were  discovered,  and  amphipods 
were  very  irregularly  distributed,  being  very  abundant  in  some  placefi 
Bnd  eutirely  wanting  in  others.    No  phyllopod  crustaceans  were  coL 
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lected,  but  they  may  abound  earlier  in  the  season^  in  temi)orary  pools. 
Eutomostraca  were  abundant  in  every  situation  where  they  might 
naturally  be  expected  to  occur,  copepods  largely  predominating,  except 
in  the  smaller  ponds.  These  iudispeusable  elements  to  the  preservation 
of  yomig  fishes  were  as  plentiful  in  the  waters  of  the  park  as  they  are 
in  Lake  Michigan  and  in  the  deeper  lakes  of  the  Wisconsin  series. 

The  greater  proportion  of  animal  life  found  in  the  streams  consisted  of 
insect  larvse,  chiefly  neuropterous.  Oaseworms,  ephemerid  larvsB,  and 
the  larvae  of  stone  flies  and  Sialidce,  which  are  everywhere  excessively 
abundant,  are  the  main  dependence  of  the  trout  in  waters  containing  no 
other  fishes.  The  larvae  of  Ohironamus  are  very  common,  and  those  of 
Bmulium  are  exceedingly  numerous  in  suitable  localities.  The  smaller 
moUuaks,  especially  species  of  Physaj  were  also  plentiJ^  occasionally. 
In  the  deei>est  waters  examined  the  bottom  fauna  consisted  mainly 
of  a  few  slender  annelids,  an  abundance  of  red  Chironomus  larvae,  some 
small  mollusks,  mostly  Pisidium,  and  occasional  specimens  of  Oamma- 
m.  By  far  the  most  important  elements  of  flsh  food,  however,  were 
the  entomostraca  for  the  young  and  the  neuropterous  larvae  for  the 
adult  fishes. 

Pro£  Linton  was  entirely  successfol  in  his  study  of  the  wormy  trout, 
thehistory  of  which  he  has  been  able  to  complete.  This  instance  of 
excessive  parasitism  was  noticed  during  the  early  explorations  of  the 
park,  and  has  ever  since  attracted  much  attention  from  tourists  and 
scientific  men.  The  parasite  is  a  species  of  tapeworm,  named  Diboth- 
Tium  cordiceps  by  Prof.  Joseph  Leidy,  and  occurs  among  the  viscera, 
beneath  the  peritoneal  lining  of  the  abdominal  cavity,  or  burrowing 
ta  the  muscular  tissue  of  the  body  wall.  The  only  fish  which  it  is 
known  to  infest  is  the  native  trout  of  the  Yellowstone  Park,  and  it  has 
been  found  almost  exclusively  in  Yellowstone  Lake,  in  Yellowstone 
Biver  above  the  falls,  and  in  Heart  Lake.  It  does  not,  however,  finish 
its  development  in  the  trout,  which  contain  only  the  larval  stages, 
but  requires  a  second  host  to  complete  its  life  history.  The  latter  is, 
^  part  at  least,  the  white  pelican,  which  spends  the  summer  in  this 
^OD,  and  breeds  on  an  island  in  the  southeast  arm  of  Yellowstone 
I^ke.  All  of  the  birds  examined  had  been  feeding  on  the  trout,  the 
only  fish  occurring  in  the  lake. 

The  cause  of  the  unusual  multiplication  of  parasites  in  this  locality 
^dy  he  traced  to  the  x)eculiar  combination  of  circumstances  there  pre* 
vailing.  Probably  not  less  than  1,000  pelicans  resort  to  the  lake  dur- 
i^g  the  summer,  and  of  this  number  50  per  cent  or  more  are  infested 
^th  the  adult  Dibothriunij  the  eggs  of  which  become  disseminated 
through  the  water,  where,  after  a  short  development,  they  are  swal- 
lowed by  the  trout. .  The  eggs  hatch  more  readily  in  warm  than  cold 
^ater,  and  the  former  conditions,  according  to  Pro£  Linton,  are — 

Applied  in  such  places  as  the  shore  system  of  geysers  and  hot  springs  on  the  west 
^'lA  of  the  lake,  where  for  a  distance  of  nearly  S  miles  the  shore  ia  skixt&d.^^^  «i\iO\ 
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spring  and  geyser  formation,  with  numeroas  streams  of  hot  water  emptying  into 
the  lake,  and  large  springs  of  hot  water  opening  in  the  floor  of  the  lake  near  shore. 
Trout  abound  in  the  vicinity  of  these  warm  waters,  presumably  on  account  of  thoi 
abundance  of  food  there.  They  do  not  love  the  warm  water,  but  carefully  avoid  it. 
Several  persons  with  whom  I  talked  on  the  subject  while  in  the  park  assert  thals 
diseased  fish — that  is  to  say,  those  which  are  thin  and  affected  with  flesh worma — are- 
more  commonly  found  near  the  warm  water;  that  they  take  the  bait  readily,  but  an» 
lazy.  I  frequently  saw  pelicans  swimming  near  shore  in  the  vicinity  of  the  wanoi 
springs  on  the  west  arm  of  the  lake.  It  would  appear  that  the  badly  infested  or 
diseased  fish,  being  less  active  and  gamy  than  the  healthy  fish,  would  be  more  easily 
taken  by  their  natural  enemies,  who  would  learn  to  look  for  them  in  places  where 
they  most  abound.  But  any  circumstances  which  cause  the  pelican  and  troat  to 
occnpy  the  same  neighborhood  will  multiply  the  chances  of  the  parasites  developing 
in  both  the  iutermediate  and  final  host.  The  causes  that  make  for  the  abundance 
of  the  trout  parasite  conspire  to  increase  the  number  of  adults.  The  two  hosts 
react  on  each  other,  and  the  parasite  profits  by  the  reaction. 

An  effective  remedy  might  be  found  in  the  extermination  of  the  jieli- 
cans,  providing  they  are  the  only  tinal  hosts  of  this  parasitic  worm. 
The  relief  which  might  thereby  be  afforded,  however,  is  not  of  sufficient 
importance  to  justify  the  destruction  of  so  interesting  a  feature  of  the 
park.  The  trout  in  that  region  is  not  important  as  a  food  supply;  the 
diseased  fishes  are  in  most  convenient  places  for  capture,  and  with  the 
increase  in  fishing  will  be  drawn  upon  more  largely  than  the  healthy 
ones.  The  introduction  of  other  species  into  the  lake  would,  more- 
over, tend  to  improve  conditions  by  adding  new  varieties  of  food  foi 
the  trout,  thereby  probably  diverting  them  more  or  less  from  the  warm 
waters  and  imparting  to  them  a  more  vigorous  constitution.  The  peli- 
cans would  also  profit  by  this  new  source  of  food,  the  trout  would 
sufier  less  from  their  attacks,  and  parasitism  would  be  decreased  in 
proportion. 

Other  fish  parasites  were  obtained  in  tlie  Yellowstone  Park  by  Prof. 
Linton,  who  has  presented  three  reports  treating  of  these  int'eresting 
forms.* 

COLOEADO  AND  UTAH. 

Investigations  were  conducted  in  Colorado  and  Utah  during  July 
and  August,  1889,  by  Dr.  David  S.  Jordau,  assisted  by  Prof.  B.  W. 
Evermann,  Mr.  Bert  Fesler,  and  Mr.  Bradley  M.  Davis.  The  special 
object  of  this  iuquiry  was  to  determine  the  character  of  the  streams 
and  lakes  of  the  Bocky  Mountains  and  the  Great  Basin  as  represented 
in  this  State  and  Territory,  the  variety  and  distribution  of  the  food- 
fishes  now  inhabiting  these  waters,  and  their  suitability  for  the  intro- 


*  On  two  species  of  larval  Dlbothria  from  the  Yellowstone  National  Park.  Bnll. 
U.  8.  Fish  Comm.,  ix,  for  1889,  pp.  65-79,  pis.  xxv-xxvii. 

A  contribution  to  the  life-history  of  Dihothrium  cordicepa,  a  parasite  infesting 
the  trout  of  Yellowstone  Lake.    Idem,  pp.  337-358,  pis.  cxvii-cxix. 

On  fish  entozoa  from  the  Yellowstone  National  Park.  (Appendix  6  to  this  vol* 
ume.) 
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diKstion  of  species  not  oatiye  to  them.    The  importanoe  of  these  studies 

w-su  jDuch  increased  by  the  fact  that  a  new  hatching^  station  for  the 

Salfnonidw  was  about  to  be  established  in  the  vicinity  of  Leadville^ 

Cokky  a  site  for  the  same  having  already  been  selected.    In  Colorado 

tlft€  examinations  had  reference  to  four  river  basins,  and  were  naturally 

eonfined  lor  the  most  part  to  their  upper  courses,  although  on  three 

of  the  rivers  the  work  was  extended  beyond  the  limits  of  the  State. 

Xliese  river  basins  were  as  follows:  The  Platte  and  Arkansas,  tributa- 

rieB  of  the  Mississippi;  the  Bio  Grande,  flowing  directly  into  the  Oulf 

of  Mexico;  and  the  Colorado,  flowing  into  the  Gulf  of  Oalifomia.    In 

Utah,  in  addition  to  the  Oolorado  Biver,  the  Great  Salt  Lake  and 

Sevier  Lake  basins  were  examined. 

According  to  Dr.  Jordan's  report*  of  this  expedition,  most  of  the 

streams  of  Colorado  rise  in  springs  in  or  above  the  mountain  meadows, 

while  many  have  their  origin  in  banks  of  snow,  their  waters  being  very 

(dear  and  cold.    In  their  descent  tvom  the  snow  banks  they  are  brawL 

ing  and  turbulent,  often  so  much  so  as  to  be  unfitted  for  fish  life.    In 

t        their  course  through  the  mountain  meadows  the  streams  have  usually 

j        a  gentle  current,  and  lower  down  most  of  them  pass  to  the  valleys 

I        thiongh  deep  caflons,  which  generally,  however,  present  no  obstacles 

to  the  presence  of  trout,  especially  as  vertical  falls  are  very  rare  in 

Colorado.    In  the  valleys  the  water  grows  warmer,  fine  silt  renders  it 

more  or  less  turbid,  and  at  last  it  becomes  unfit  for  trout,  and  at  the 

same  time  suitable  for  suckers  and  chubs.    During  the  colder  temper* 

atoreof  winter  the  trout  extend  their  range  somewhat  down  the  val* 

l^ys,  but  during  the  summer  and  fall  they  are  more  or  less  confined  to 

the  monntains  or  the  canons.    After  reaching  the  base  of  the  mountains 

tbe  streams  flow  with  little  current  over  the  ill- defined  beds  across  the 

plainB.   In  some  cases  placer  mining  and  stamp  miUs  have  filled  the 

waters  of  otherwise  clear  streams  with  yellow  or  red  clay,  rendering 

them  almost  uninhabitable  for  trout.    Parts  of  the  Upper  Arkansas  and 

(Irand  Bivers  have  been  almost  ruined  as  trout  streams  by  mining 

operations.    Dr.  Jordan  says : 

In  the  progress  of  settlement  of  the  valleys  of  the  Colorado  the  streams  have 
^^^come  more  and  more  largely  nsed  for  irrigation.  Below  the  mouth  of  the  oafions 
^  after  dam  and  ditoh  after  ditch  torn  off  the  water.  In  summer  the  heds  of  even 
lA'ge  riTen  (an  the  Rio  Qrande)  are  left  wholly  dry,  all  of  the  water  being  turned 
ioto  these  ditches.  Much  of  this  water  is  consumed  by  the  arid  land  and  its  vege- 
tstion;  the  rest  seeps  back^  turbid  and  yellow^  into  the  bed  of  the  stream,  to  be  again 
^t^rcepted  as  soon  as  enough  has  accumulated  to  be  worth  taking.  In  some  valleys, 
■■  in  the  San  Luis,  in  the  dry  season  there  is  scarcely  a  drop  of  water  in  the  river 
W  that  has  not  from  one  to  ten  times  flowed  over  some  field,  while  the  beds  of 
''^  eonsiderable  streams  (Rio  la  Jara,  Rio  Ali^mosa;  etc.)  are  filled  with  dry  day 
^<ida8t.    Great  numbers  of  trout,  in  many  cases  thousands  of  them,  pass  into  these 


- 


*B6port  of  explorations  in  Oolorado  and  Utah  during  the  summer  of  1889,  with 
'^  seooont  of  the  fishes  found  in  each  of  the  river  basins  examined.  By  David  Stair 
J<w^n.    Bull.  U.  S.  Fish  Comm.,  ix,  for  1889,  pp.  1-40,  pi.  I-V. 
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irrigating  ditches  and  are  left  to  perish  in  the  fields.  The  destruction  of  tront  bj 
this  agency  is  far  greater  than  that  dne  to  all  others  combined,  and  it  is  going  on  in 
almost  every  irrigating  ditch  in  Colorado. 

The  fishes  of  Colorado  comprise  very  few  8x>ecie8,  only  32  indigenoiu 
sx>ecies  being  ennmerated  by  Dr.  Jordan,  of  which  2  were  new  to  science, 

The  Eocky  Mountain  tront,  Salmo  myldssj  is  found  in  all  the  moun- 
tain lakes  and  streams  tributary  to  the  four  main  rivers,  extending 
down  to  a  point  where  the  summer  temperature  reaches  WP  to  65^  F.. 
where  it  gradually  disappears.  The  mountain  minnows,  RhiniohthyA 
dulcU  on  the  eastern  slope  and  Agosia  yarrawi  in  the  Oolorado  basin, 
accompany  the  trout  in  the  mountain  meadows,  not,  however,  ascending 
so  near  to  the  sources  of  the  streams,  but,  on  the  other  hand,  mucli 
fiarther  down  their  courses.  They  are  eaten  by  the  trout.  The  bloli 
or  miller's  thumb  is  very  abundant  in  the  clear  and  cold  waters  of  the 
Oolorado  basin,  and  is  very  destructive  to  the  eggs  of  trout.  The 
suckers  extend  up  the  rivers  more  or  less  to  the  point  where  ehe  trout 
disappear,  and,  for  the  most  part,  the  species  are  different  in  the  differ- 
ent basins.  The  species  of  Catoatomus  and  Xyratichen  reach  a  consid- 
erable size,  but  are  of  poor  quality  for  food.  The  suckers  and  the 
chubs,  especially  the  latter,  are  very  destructive  to  the  trout  eggs. 
The  Ptychocheilus  Indus  of  the  Colorado  attains  a  great  size,  and  in 
default  of  better  fish  assumes  economic  importance.  The  bulk  of  the 
rich  fauna  of  the  Mississippi,  as  well  as  most  of  the  Texan  fishes,  are 
excluded  from  Colorado  on  account  of  the  intervening  turbid  waters 
through  which  they  can  not  ascend. 

Three  species  of  the  Salmonidce  have  been  introduced  into  some  of  the 
streams  and  lakes  of  Colorado,  the  Eastern  brook  trout  most  exten- 
sively, the  rainbow  trout  of  California,  and  the  landlocked  salmon  of 
Maine.  Carp  ponds  have  also  been  established  in  the  State,  and  Dr. 
Jordan  strongly  recommends  the  introduction  of  the  larger  catfishes 
into  the  tributaries  of  the  lower  Colorado,  the  entire  basin  of  that  river 
having,  besides  the  trout,  only  fishes  of  very  inferior  quality  for  food. 

Tributary  to  the  Arkansas  Biver  are  the  Evergreen  Lakes,  a  series 
of  trout  ponds,  wholly  or  partly  artificial,  fed  by  cold  streams  from  the 
flanks  of  Mount  Massive.  One  of  these  streams,  having  its  rise  in  the 
largest  permanent  snow  field  in  Colorado,  has  been  chosen  as  the  site 
of  the  new  U.  S.  Fish  Commission  hatchery.  Dr.  Jordan  states  that  no 
better  location  for  that  purpose  could  be  desired. 

In  Utah  no  permanent  streams  of  any  importance,  except  the  Colo- 
rado  Biver,  occur  to  the  east  of  the  Wahsatch  Mountains.  West  of  the 
divide  of  those  mountains  lies  the  Great  Basin,  in  which  the  Salt  Lake 
Basin  and  the  Sevier  Biver  were  examined.  In  the  former  14  species 
of  fish,  including  the  trout,  Salmo  myMsa,  were  taken,  and  in  the  latter 
7  species.  The  trout  of  Utah  Lake  are  of  excellent  quality  and  reach 
a  weight  of  3  to  10  pounds.    The  same  trout  also  occurs  in  Panquitch 
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Lake  and  the  apx>er  part  of  the  Sevier  Biver.  In  aU  streams  like  the 
latter  occorring  in  this  basin  Dr.  Jordan  considered  that  catfishes  might 
be  planted  to  good  advantage. 

In  connection  with  his  description  of  the  many  mountain  trout  ob- 
servedy  Dr.  Jordan  defines  carefully  the  several  varieties  or  subspecies 
which  he  now  recognizes^  numbering  10  in  all.  One  of  these,  a  new 
and  large  variety  from  the  Twin  Lakes,  has  been  named  Salmo  mykisa 
mcdanaldiy  in  honor  of  the  U.  S.  Fish  Commissioner.  Five  of  the  varie- 
ties mentioned  were  collected  in  Colorado  and  Utah,  and  nine  have 
been  figured  in  his  report. 

MISSOURI  AND  ARKANSAS. 

The  investigations  in  these  two  States,  which  had  been  planned  for 
1888,  were  taken  up  in  the  summer  of  1889  by  Prof.  S.  £.  Meek,  of  Coe 
College,  Iowa,  assisted  by  Mr.  Louis  Bettger  and  Mr.  Frank  M,  Drew, 
of  the  Indiana  University.    The  operations  of  this  party  were  chiefly 
limited  to  the  Ozark  region  of  southern  Missouri  and  northern  and 
western  Arkansas,  in  the  midst  of  which,  at  Keosho,  Mo.,  a  hatching 
station  was  in  course  of  building  by  the  U.  S.  Fish  Commission.    The 
sarfooe  of  the  country  in  this  region  is  much  broken,  although  none  of 
the  hills  reach  a  very  great  height.    Springs  abound  and  the  streams 
are  clear  and  cold  even  during  midsummer.    The  bottoms  of  the  latter 
are  rocky,  gravelly,  or  sandy,  with  little  mud,  and  aquatic  vegetation  is 
not  abundant.    Fishes  were  plentiftd  in  nearly  all  of  the  rivers  in  Mis- 
souri that  were  visited,  but  they  were  scarce  in  the  Mazam,  and  espe- 
daily  so  in  the  Caddo  and  the  forks  of  the  Saline.    It  was  reported  that 
large  numbers  of  fishes  had  been  killed  in  the  latter  streams  by  the  use 
of  dynamite,  and  also  in  the  neighborhood  of  I^ewburg,  Keosho,  and  Ca^ 
bool,  Mo.   Were  this  pernicious  practice  of  destroying  the  native  fishes 
to  be  continued,  fish-cultural  operations  could  not  have  much  effect  in 
replenishing  the  supply,  but  it  is  hoi>ed  that  measures  may  be  taken  to 
prevent  it  in  the  future.    In  the  Missouri  Biver  basin  the  Meramec, 
Gasconade,  and  Osage  rivers  were  examined;  in  the  Arkansas  basin, 
Neosho  Biver  and  Spadra  Creek;  in  the  White  basin.  White  Biver, 
the  tributaries  about  Mammoth  Spring,  and  Little  Bed  Biver;  and  in 
the  Washita  basin,  Washita,  Caddo,  and  Saline  rivers  and  Mazarn 
Creek. 

Mammoth  Spring,  Arkansas,  is  one  of  the  largest  springs  in  the 
United  States,  flowing  about  50,000  cubic  feet  of  water  per  minute;  the 
temperature  of  the  water  ranges  from  69<^  to  62^  F.,  throughout  the 
year.  A  fish  farm  has  recently  been  established  at  this  place,  and  in 
1889  they  began  the  rearing  of  trout  which  are  said  to  grow  rapidly, 
t^e  conditions  being  exceedingly  favorable  for  that  purpose.  The  IT.  8. 
^ifth  Commission  hatchery  at  Keosho  is  situated  on  a  branch  of  the 
l^eosho  Biver  and  is  fed  from  a  fine  spring.    The  station,  however*  had 
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not  been  completed,  and  was,  therefore,  not  in  c^ratioa  at  the  time  cf 
Prof.  Meek's  visit.* 

lOWii. 

Prof.  S.  E.  Meek,  of  Coe  College,  Iowa,  began  in  the  snmmer  of  188^ 
a  carefal  study  of  the  fishes  of  Iowa,  which  was  continued,  with  som^ 
intermissions,  until  into  June,  1891.    During  this  period  he  examined 
all  the  rivers  in  the  State  tributary  to  both  the  Mississippi  and  the 
Missouri,  and  also  many  of  the  smaller  streams  which  empty  into  the 
former,  as  well  as  the  principal  lakes.    Large  collections  of  fishes  were 
made,  and  upon  them  and  his  field  observations  Prof.  Meek  has  based 
a  very  imi>ortant  report,!  in  which  the  fishes  are  classified  in  accord- 
anoe  with  each  river  basin. 

Iowa  is  situated  between  the  Mississippi  and  the  Missooii  rivers. 
Its  surfibce  is  comparatively  level,  rising  gradually  towiurd  the  north 
and  west.  Many  streams  traverse  it,  the  greater  number  and  the 
larger  ones  flowing  southeasterly  into  the  Mississippi,  the  remainder 
southwesterly  into  the  Missouri,  the  affluents  of  the  former  draining 
more  than  two-thirds  of  the  entire  area  of  the  State.  The  vast  agri- 
cultural industry  for  which  the  State  is  so  conspicuous  has  apparently 
had  much  to  do  with  changing  the  character  of  many  of  these  streams, 
causing  their  deterioration  and  at  the  same  time  a  decrease  in  the 
abundance  of  the  better  food-fishes.  This  is  said  to  have  been  caused 
in  large  part  by  the  breaking  up  of  the  original  stiff  sod  of  the  prairies, 
which  tended  to  prevent  the  rapid  flowing  of  the  waters  after  heavy 
rains  toward  the  river  channels,  but  ditching  and  underdraining  have 
also  been  instrumental  in  this  respect.  Bivers  which  formerly  had 
well  defined,  deep,  and  narrow  channels  have  widened  out  and  become 
more  shallow,  overflowing  their  banks  in  the  rainy  season  and  losing 
most  of  their  water  during  the  succeeding  months.  The  soil,  loosened 
constantly  for  farming  purposes,  is  also  readily  transported  by  the  rain 
to  fill  the  streams  with  sediment,  which  has  caused  the  rapid  disap- 
pearance of  the  trout. 

The  streams  of  southwestern  Iowa  have  mostly  muddy  bottoms,  and 
comparatively  few  fishes,  but  elsewhere  the  currents  are  generally  ' 
stronger,  the  bottom  consists  chiefly  of  sand,  gravel,  and  rocks,  and 
fishes  are  relatively  abundant  both  as  to  species  and  individuals.  There 
are  very  many  dams  throughout  the  State,  few,  if  any,  of  which  are 
provided  with  fishways,  thus  greatly  interfering  with  the  spawning 
instincts  of  many  species.    There  are  a  number  of  large  and  fine  springs 

*  Report  of  explorations  made  in  Missouri  and  Arkansas  during  1889,  with  an  ac- 
count of  the  fishes  observed  in  each  of  the  river  basins  examined.  By  Seth  Eugene 
Meek.    Bull.  U.  S.  Fish  Comm.,  ix,  for  1889,  pp.  11^-141,  plate  xlii. 

t A  report  upon  the  fishes  of  Iowa,  based  upon  observations  and  collections  made 
dnring  the  years  1889, 1890,  and  1891.  By  Seth  Eugene  Meek.  BuU.  U.  S.  Fiah 
Comm.^  X,  1890,  pp,  217-248. 
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iu  6ome  places,  which  feed  small  but  clear  and  cool  brooks,  in  which 
trout  have  been  abundant  and  in  some  of  which  they  still  exist    Nu- 
merous bayous  are  found  along  some  of  the  larger  rivers,  to  which  the 
young  bass,  pickerel,  and  sunftshes  resort,  but  owing  to  the  greater  or 
Im  drying  up  of  such  places  during  the  summer  a  great  mortality 
occurs  among  these  species.    The  practice  of  seining  out  these  young 
Mes  and  planting  them  in  the  open  streams,  which  has  proved  so  effi- 
cacious in  Illinois  and  other  States,  was  at  one  time  resorted  to  in  Iowa, 
bnt  it  has  since  been  abandoned.    If  it  were  again  renewed  upon  a 
proper  scale,  it  would  add  greatly  to  the  fishery  wealth  of  the  State. 

The  total  number  of  rivers,  smaller  streams,  and  lakes  examined  by 
Prof.  Meek  was  41,  and  as  many  of  these  were  visited  at  several  places, 
and  at  several  different  times,  it  is  safe  to  conclude  that  the  principal 
chthyological  features  of  the  State  have  been  brought  out  in  his  report. 
The  greatest  number  of  species  of  fishes  recorded  from  a  single  stream 
was  85  from  Oedar  Biver:  the  smallest,  4  from  Boyer  Biver. 

WISCONSIN. 

During  1890  Prof.  S.  A.  Forbes  presented  to  the  Fish  Commission  an 
interesting  report*  upon  investigations  made  in  lakes  Geneva  and 
Mendota,  partly  at  the  instance  of  Prof.  Baird.  The  work  was  per- 
fiurmed  between  1881  and  1887,  but  the  completion  of  the  report  had 
been  deferred  in  the  hope  of  obtaining  more  material  that  might  throw 
additional  light  upon  the  principal  subject  of  direct  practical  import- 
ance to  which  the  pai>er  relates — ^the  fish  mortality  in  Lake  Mendota  in 
1884.  Although  no  opportunity  has  yet  occurred  to  add  to  Prof. 
F<nbe8's  original  inquiries  in  regard  to  this  matter,  it  has  been  deemed 
advisable  not  to  delay  further  the  publication  of  his  observations. 

Lake  Geneva,  situated  in  the  extreme  southeastern  part  of  the  State, 
lies  in  a  trough-like  valley  of  the  drift,  the  southern  side  of  which 
formed  part  of  the  terminal  moraine  of  the  great  Lake  Michigan  glacier. 
It  is  7  miles  long  by  1^  miles  in  greatest  width,  and  has  an  extreme 
depth  of  about  132  feet.  It  drains  by  a  small  outlet  into  Fox  Biver, 
and  thence  into  the  niinois.  In  his  examination  of  the  lake  condacted 
in  1881  and  1887,  Prof.  Forbes  made  a  very  comprehensive  study  of  aU 
its  characteristics,  running  lines  of  soundings  to  determine  the  contour 
of  the  bottom,  and  collecting  its  animals  and  plants  by  dredging  and 
by  the  use  of  surface  and  other  nets.  While  the  investigation  is  not 
considered  as  complete,  it  is  one  of  the  most  comprehensive  and  in- 
structive examinations  of  such  a  body  of  water  that  has  yet  been  made 
in  this  country,  and  may  well  serve  as  a  model  for  future  studies  of 
the  same  character.     Its  useftdness  consists  in  demonstrating  very 

I  W       I      I       I       I  -  ■- II  -■—■-- 1 ■ . ■■  _■---  -  !■! 

*  Preliminary  report  upon  the  invertebrate  animals  inhabiting  lakes  Geneva  and 
Mendota,  Wisconsin,  with  an  account  of  the  fish  epidemic  in  Lake  Mendota  in  1884. 
By  8.  A.  Forbes.  BoU.  U.  8.  Fish  Comm.,  vui,  for  1888,  pp.  478-487.  Three  maps  and 
diagrams. 
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fully  the  natural  conditions  of  tlielake  in  all  its  main  features,  a  knowl- 
edge of  which  shows  its  capacity  for  fish  life,  its  suitability  for  the  intro- 
duction of  new  species,  and  the  measures  necessary  for  the  protection 
of  its  fisheries.  Most  attention  in  the  line  of  biology  was  paid  to  the 
smaller  forms  of  life,  such  as  the  larval  and  adult  insects,  crustaceans, 
mollusks,  and  worms,  which  serve  as  food  for  fishes,  both  adults  and 
young. 
In  his  conclusions,  Prof.  Forbes  remarks: 

It  is  evident  that  even  in  a  lake  of  so  moderate  size  as  this  the  smaller  inhabitants 
are  quite  clearly  divided  into  pelagic  and  littoral  gronps,  the  latter  containing  the 
greater  number  of  species,  but  the  former  not  less  numerous  in  individnals;  and  a 
comparison  of  the  results  of  dredging  shows  that  this  difference  applies  to  the  ani- 
mals of  the  bottom  as  well  as  to  those  swimming  freely  above  it.  *  *  *  It  is 
also  apparent,  from  the  product  of  the  towing  net  in  deep  water  under  varying  con- 
ditioDB;  that  the  pelagic  entomostraca  avoid  the  surface  by  day,  whether  it  be  rough 
or  calm,  or  the  weather  cloudy  or  clear ;  but  they  do  not  necessarily  withdraw  to 
any  great  depth,  hauls  10  feet  below  yielding  "  good"  or  ''large"  collections  when 
the  sun  was  shining.  By  night,  on  the  other  hand,  the  yield  at  the  surface  was 
large,  even  in  a  high  wind. 

The  examination  of  Lake  Mendota  was  made  for  the  purpose  of 
studying  a  most  remarkable  mortality  among  the  common  i>erch  (Perca 
flavescens)  in  August,  1884,  and  was  repeated  in  August  of  the  follow- 
ing year.  A  study  of  the  lake  similar  to  that  of  Lake  Geneva  was  also 
instituted,  but  upon  a  less  comprehensive  scale.  The  fish  mortality 
began  early  in  July  of  the  former  year  and  continued  until  about  the 
middle  of  August,  the  quantity  of  fish  dying  during  that  period  being 
estimated  at  above  300  tons.  About  90  x>er  cent  of  the  fish  which  per- 
ished were  the  common  perch,  after  which  in  numbers  came  the  lake 
herring,  followed  by  a  few  other  species.  Prof.  Forbes's  studies  of  the 
subject  were  thorough  and  covered  all  the  questions  that  could  be  sug- 
gested, including  an  examination  of  all  the  conditions  of  the  lake,  both 
physical  and  biological,  and  of  the  morphological  and  histological  con- 
ditions of  both  the  dead  and  living  fishes.  It  was  impossible,  however, 
to  arrive  at  satisfactory  deductions  respecting  the  cause  of  the  mor- 
tality. Prof.  Forbes  not  having  been  apprised  of  its  occurrence  until  it 
was  practically  over,  and  no  subsequent  opportunity  having  arisen  to 
study  similar  phenomena.  However,  all  the  facts  have  been  carefdlly 
recorded  and  discussed,  and  are  available  for  future  consideration. 
The  more  significant  facts  connected  with  the  mortality  are  stated  in 
considerable  detail,  but  they  are  too  long  to  make  more  than  a  brief 
reference  to  them  in  this  connection. 

A  diseased  condition  of  some  parts  of  the  viscera  was  noticed,  espe- 
cially in  the  herring,  but  externally  the  dying  fishes  seemed  to  be  in 
good  condition.  The  herring  are  subject  to  some  mortality  of  the  same 
character  every  year,  but  to  a  much  less  extent  than  in  1884.  It  is 
probable  that  the  causes  affecting  the  two  species  were  the  same,  and 
it  is  also  i)0S8ible  that  the  disease  is  contagious  and  was  taken  directly 
Aom  the  herring.    The  majority  of  t\xe  doaA  ^tck  were  full  grown, 
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no  yoong  individaals  haying  been  observed.    Moreover,  the  dead  and 
diseased  fishes  had  been  feeding  almost  exclusively  on  a  red  insect 
larva  peculiar  to  the  mad  of  the  deep  water,  while  all  the  healthy  fishes 
observed  had  been  feeding  on  shallow-water  forms. 

The  mortality,  thus,  seems  to  have  been  limited  to  the  perch  that 
^ere  ranging  in  the  deeper  parts  of  the  lake  in  company  with  the  dis- 
eased herring,  and  observations  indicate  that  sach  a  deep  range  for 
the  perch  is  unusnal  in  midsummer.  There  also  seems  to  be  a  deficiency 
in  Lake  Mendota  of  the  kinds  of  animals  usually  selected  by  the  perch 
as  food,  according  to  observations  made  elsewhere.  A  heavy  flooding 
Tain  which  occurred  not  long  before  the  outbreak  of  the  disease  may 
have  washed  into  the  lake  unusual  quantities  of  organic  matter  from 
the  swamp  beyond  Catfish  Bay  and  from  the  surrounding  country. 
Quite  similar  cases  of  destruction  of  the  native  fishes  are  of  rather 
common  occurrence  in  the  rivers  of  Illinois  in  the  hottest  weather  of 
the  year.  They  usually,  if  not  always,  follow  upon  flooding  rains,  and 
thus  occur  when  the  streams  are  full  or  overflowing  with  turbid  water 
loaded  with  the  products  of  decay. 

During  the  summer  of  1890,  Prof.  0.  Dwight  Marsh,  of  Bipon  Col- 
lege^ began  a  physical  and  biological  examination  of  Green  Lake, 
situated  in  Green  Lake  County,  Wis.,  for  which  the  Fish  Commission 
supplied  one  of  its  deep-sea  thermometers  for  liking  bottom  tempera- 
toies.  His  investigations  wiU  be  continued  during  the  sununer  of 
1891,  when  he  expects  to  publish  an  account  of  his  results. 

INDIANA. 

The  iuYestigations  begun  in  Indiana  by  Prof.  B.  W.  Evermann  in 
1888  were  continued  by  him  during  the  sunmier  of  1890  in  the  northern 
and  western  parts  of  the  State.  Considerable  work  was  done  at  inter- 
vals in  the  vicinity  of  Terre  Haute,  both  in  the  Wabash  Biver  and  in 
flie  numerous  i)onds  which  occur  along  its  course  in  this  region.  Dur- 
ing the  regular  spring  rise  in  the  river  these  ponds  fill  with  water  and 
numerous  fishes  enter  at  the  same  time,  but  in  the  summer  and  early 
autumn  many  of  the  ponds  become  dry,  and  great  numbers  of  fishes 
perish  there  in  consequence.  Among  the  species  which  are  thus  de- 
stroyed are  the  black  bass  and  crappie,  and  other  valuable  food-fishes. 
Several  hundred  specimens  in  good  condition  were  transplanted  to 
Lake  Maxinkuckee  by  Prof.  Evermann.  Observations  and  collections 
were  also  made  at  Bonebank  and  Mackey  Ferry  on  the  lower  Wabash 
Biver  and  at  several  places  in  the  St.  Joseph  Biver  basin,  as  follows : 
Pigeon  Siver,  Twin  Lakes  and  Cedar  Lakes  near  Ontario  and  Lima; 
OUver  Lake  at  Valentine,  and  Elkhart  Biver  at  Goshen.  Material 
was  likewise  obtained  at  Plymouth  from  the  Yellow  Biver,  a  tributary 
of  the  Kankakee,  from  Lake  Maxinkuckee,  and  from  the  Tippecanoe 
Siver,  a  few  miles  south  of  the  lake.  Prof.  Evermann  was  assisted  m 
lu8  work  by  a  number  of  his  ataden  te  at  the  State  Normal  &c\xoo\>Teirt^ 
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Haute,  among  whom  may  be  mentioned  Mr.  D.  0.  Bidgley,  Mr.  C.  S. 
Hoover,  and  Mr.  G.  H.  Copeland.  A  report  upon  these  inquiries  is  now 
in  coarse  of  preparation. 

OHIO. 

Dr.  James  A.  Henshall,  secretary  of  the  Gincinnati  Society  of  Natural 
History,  continued,  during  the  summers  of  1889  and  1890,  his  researches 
respecting  the  fishes  of  Ohio,  referred  to  in  the  last  annual  rex>ort  A 
complete  account  of  these  inquiries  is  deferred  until  further  observa- 
tions can  be  made,  but  the  following  brief  notice  of  the  work  accom- 
plished during  the  past  two  years  has  been  furnished  by  Dr.  Henshall: 

The  watershed  of  the  State  of  Ohio  extends  firom  Ashtabula  County, 
in  the  northeast  comer  of  the  State,  to  Mercer  Gounty,  on  its  west- 
em  border.  The  streams  north  of  this  ridge  flow  into  Lake  Erie,  while 
those  south  of  it  empty  into  the  Ohio  Biver.  The  waters  explored  in 
the  latter  basin  were  the  Ohio,  Muskingum,  Scioto,  and  Little  Miami 
rivers  and  a  number  of  smaller  streams.  Of  the  Great  Lake  Basin,  the 
Maumee  and  Sandusky  rivers  and  Lake  Erie  in  the  vicinity  of  Pnt-in 
Bay  were  examined.  From  these  various  sources  130  species  of  fishes 
were  obtained  out  of  about  150  known  species  supposed  to  inhabit 
Ohio  waters.  The  only  previous  efforts  in  this  direction  were  made  by 
Baflnesque  in  1818  to«1820,  and  by  Dr.  J.  P.  Eirtland  from  1836  to 
1846.  The  former  explored  the  Ohio  Biver  and  its  tributaries  from 
Pittsburg  to  Louisville,  and  described  120  species,  of  which  the  exist- 
ence of  about  70  valid  species  have  since  been  verified.  Dr.  Eirtland 
described,  from  the  waters  of  both  basins,  even  a  less  number. 

The  most  important  food-fishes  collected  in  the  Ohio  and  its  tribu- 
taries were  the  black  bass,  pike  perch,  sunflsh,  crappie,  fresh-water 
drum,  and  several  species  of  suckers  and  catfish.  Those  from  the  Lake 
Erie  basin  were  the  whiteflsh,  lake  herring,  black  bass,  pike  perch, 
Sanger,  and  sturgeon,  the  first-named  being  the  most  imx)ortant  commer- 
cial food-fish  of  the  State.  From  this  it  will  be  seen  that  were  the 
fishes  of  Ohio  afforded  proper  protection  during  their  breeding  season, 
and  the  pollution  of  the  streams  by  the  refrise  and  offal  of  various  milla 
and  fEKitories  prevented  by  wise  and  ef&cient  legislation,  a  bountiful 
supply  of  good  food-fishes  would  be  assured  to  the  people  of  the  State 
that  would  go  far  toward  supplying  the  demand  for  fish  fiK>d. 

KENTUCKY. 

During  the  autumn  of  1889  and  the  spring  of  1890,  Prof.  Philip  H. 
Eirsch,  superintendent  of  public  schools  at  Columbia  City,  Ind.,  made 
an  investigation  of  the  streams  of  Clinton  County,  Ey.,  and  obtained 
a  very  complete  collection  of  their  fishes.  In  his  report  ux>on  the  sub- 
ject,* Prof.  Eirsch  explains  that  this  is  one  of  the  smallest  counties  in 

*  Notes  on  the  streams  and  fishes  of  Clinton  County,  Ky.,  with  a  description  of  a 
new  darter.    By  Fbilip  H.  Kirsch,    Bull.  U.  S.  Fish  Comm.,  x,  1890,  pp.  28^292, 


BEPOST  OF   C0MMIB8I0NER  OF   FISH  AND   FISHEBtEB.      149 

the  State,  having  an  area  of  only  aboat  206  square  miles.  It  lies  be- 
tween the  Cnmberland  Biver  and  the  Tennessee  State  line,  its  sorface 
being  hilly  and  broken  by  the  deeply-cut  valleys  of  the  water  courses. 
The  central  Poplar  Mountain  range  and  other  elevations  form  a  water- 
shed,  dividing  the  county  into  two  districts  of  nearly  equal  extent; 
the  northern  of  these  drains  directly  into  the  Cumberland  Biver, 
while  the  other  drains  into  the  same  river  in  Tennessee,  through  Obeys 
Biver.  The  total  number  of  species  obtained  from  all  the  streams  was 
33. 

In  the  summer  of  1890,  Mr.  Albert  J.  Woolman,  assisted  by  Mr.  H. 
W.  Monical  and  Mr.  G.  O.  Chambers,  all  students  in  Indiana  Univer- 
sity, made  a  very  extensive  and  thorough  investigation  with  regard  to 
the  fishery  resources  of  Kentucky,  their  fleldwork  beginning  in  July 
and  continuing  until  near  the  middle  of  September.  All  of  the  prin- 
cipal river  systems  were  visited,  and  very  careful  observations  were 
made  upon  their  physical  characteristics,  as  well  as  upon  the  variety, 
abundance,  and  distribution  of  their  fishes.  The  observations  embraced 
not  only  the  main  stream  in  each  basin  but  also  a  greater  or  less  num- 
ber of  its  tributaries.  In  his  report*  Mr.  Woolman  gives  a  detailed 
description  of  all  of  these  features,  and  also  has  taken  pains  to  incor- 
porate the  results  of  several  previous  collecting  trips  to  this  State  by 
assistants  of  Indiana  University.  The  collection  of  fishes  obtained 
was  especially  large  and  interesting,  and  was  noteworthy  as  containing 
nearly  all  the  known  species  of  darters. 

Work  was  begun  near  the  center  of  the  State,  in  the  Boiling  Fork 
of  Salt  Biver,  and  was  carried  thence  westward  to  the  Green  Biver, 
Tradewater  Biver,  the  lower  Cumberland  and  Tennessee  rivers.  May- 
field  Greek,  Obion  Biver  and  the  Bayou  de  Chien,  in  the  extreme  south- 
western part  of  the  State.  Subsequently  the  party  proceeded  to  the 
upper  Cumberland  and  Tennessee  rivers  in  eastern  Kentucky,  the 
upper  Kentucky,  Big  and  Little  Sandy  and  Licking  rivers.  More  work 
was  done  in  the  mountainous  regions  than  elsewhere,  leaving  some  of 
the  lower  streams  to  be  investigated  at  a  future  time.  The  greatest 
number  of  species  of  fishes  taken  in  any  one  basin  was  64,  in  the  Upper 
Green  Biver  and  its  tributaries. 

FLOBIBA. 

Daring  December,  1890,  and  January,  1891,  Mr.  A.  J.  Woolman,  ac- 
companied by  Prof.  Louis  Bettger,  made  an  examination  of  the  fresh- 
water streams  occupying  the  western  slope  of  Florida  between  Charlotte 
Harbor  and  the  Suwanee  Biver.  Beginning  operations  in  the  vicinity 
of  Punta  Gorda  and  proceeding  northward,  the  following  rivers,  to- 
gether with  their  tributaries,  were  visited  in  succession,  namely:  Alli- 
gator, Peace,  Hillsboro,  Withlacoochee,  and  Santa  Fe,  the  last  mentioned 

*  Report  of  an  examination  of  the  rirera  of  Kentucky,  with  lists  of  the  fishes 
By  Albert  J.  Woolman.  BaU,  U.  8.  Fuit  Coiam.,  x,  18d0,  pp.  24l^2i^p\.v&. 
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being  one  of  the  largest  afflaents  of  the  Suwanee.  Ab  comparatively 
littleinformation  has  hitherto  been  obtained  regarding  the  ichthyologicai 
feataresof  this  region^  Mr.  Woolman's  efforts  were  well  rewarded^  not- 
withstanding that  the  rainy  season  had  commenced  before  the  party 
reached  the  field.  The  relatively  small  number  of  species  which  in- 
habit these  waters  is  especially  noteworthy,  only  12  species  having  been 
taken  in  the  Alligator  Biver,  20  in  the  Peace  Biver,  14  in  the  Hills- 
boro  Biver,  16  in  the  Withlacoochee  Biver,  and  17  in  the  Santa  Fe  Biver. 
Mr.  Woolman's  report  *  gives  descriptions  of  the  principal  characteris- 
tics of  the  rivers,  with  annotated  lists  of  their  fishes. 

NEW  YORK. 

In  July,  1889,  an  examination  was  made  of  Lake  Bonkonkoma  and 
Oreat  Pond,  Long  Island,  by  Mr.  Fred.  Mather  and  Dr.  Bashford  Dean, 
a  part  of  the  collecting  outfit  and  the  thermometers  having  been  sup- 
plied by  the  U.  S.  Fish  Commission.  An  account  of  this  inquiry  has 
been  published  in  the  Eighteenth  Beport  of  the  Commissioners  of  Fish- 
eries of  New  York,  1890,  pp.  205-217. 

Lake  Bonkonkoma  is  situated  in  the  center  of  Long  Island  on  the 
top  of  an  extended  gravelly  ridge  of  land.  It  is  one  of  the  largest 
bodies  of  fresh  water  on  the  island,  having  an  area  of  a  trifle  over  a 
square  mile,  and  occupies  a  depression  in  the  drift  formation.  Many 
myths  are  associated  with  the  place,  and  the  lake  has  been  supposed  by 
residents  of  the  vicinity  to  have  a  very  great  depth.  The  soundings 
made  during  the  summer  developed,  however,  a  nearly  uniform  depth 
of  only  15  feet,  a  maximum  of  65  feet  having  been  discovered  in  one 
place.  There  are  no  inlet  or  outlet  streams,  the  source  of  its  water 
being  underlying  springs.  The  temperature  was  found  to  be  high, 
ranging  from  75^  F.  in  the  deep  hole  to  77°  F.  in  depths  of  3  to  4  feet,  and 
80<^  F.  at  the  surface.  It  was  concluded  from  the  observations  made 
that  ^<  the  balance  of  fish  life  in  this  lake  is  nearly  if  not  quite  com- 
plete.'' Black  bass  of  both  species,  which  were  planted  some  years  ago, 
are  now  plentiful  and  have  attained  a  large  size.  Notes  are  given  on 
all  the  species  of  fishes  found,  and  the  commoner  forms  of  invertebrates 
and  plants  are  enumerated. 

Great  Pond  is  at  Biverhead,  near  the  eastern  part  of  the  island,  and 
although  also  situated  in  the  drift,  differs  considerably  in  character 
from  Lake  Bonkonkoma.  It  drains  the  surrounding  hills  and  has  an 
outlet  fiowing  into  Great  Peconic  Bay.  Its  average  depth  is  something 
over  24  feet,  the  temperature  at  the  bottom  ranging  from  65^  to  75^  F. 
The  pickerel  {Usox  retioulatus)  and  common  sunfish  (Lepomis  gibbosus)y 
absent  from  Lake  Bonkonkoma,  are  abundant  here,  but  the  black  bass 
has  never  been  introduced. 

*  Report  upon  the  rivers  of  central  Florida  tributary  to  the  Gulf  of  Mexico,  with 
lists  of  fishes  inhabiting  them.  By  Albert  J.  Woolman.  Boll.  U.  S.  Fish  Commis- 
Mi'on,  X,  1890,  pp.  2BB-d02,  pis.  ui,  uxi. 
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WOODS  HOLL  LABORATORT. 

Nearly  all  of  the  imx>ortaDt  food-fishes  occurring  in  the  Vineyard 
Sound  region  spawn  during  the  spring  or  winter  months,  and  as  the 
^  Woods  HoU  Station  has  not  generally  been  occupied  for  scientific 
purposes  until  about  July  1  of  each  year,  the  study  of  their  breeding 
habits  and  of  the  development  of  the  young  has,  for  the  most  part,  been 
Delected.  The  pressing  demands  of  flsh-culture  have  been  met  from 
time  to  time  by  the  temx>orary  employment  of  specialists  in  the  proper 
seasons  for  such  investigations,  but  nothing  in  the  way  of  a  thorough 
and  continuous  series  of  observations  relative  to  these  subjects  has 
hitherto  been  attempted.  Among  the  forms  respecting  which  informa- 
tion is  most  urgently  desired  at  present  are  the  cod,  sea  bass,  scup, 
tantog,  mackerel,  menhaden,  lobster,  and  oyster,  but  there  is  not  a 
food  species  conmion  to  this  coast  an  account  of  whose  life  history  and 
spawning  habits  would  not  contribute  something  to  the  wel&re  of  the 
fisheries  by  suggesting  either  methods  of  propagation  or  suitable 
measures  of  protection. 

In  order  that  scientific  studies  bearing  upon  these  subjects  might  be 
continued  at  all  seasons.  Dr.  H.  Y.  Wilson,  a  graduate  of  Johns  Hop- 
kins University,  was  appointed  in  May,  1888,  resident  naturalist  at  the 
Woods  HoU  Station,  in  charge  of  the  biological  laboratory.  Within 
the  past  two  years  Dr.  Wilson  has  completed  a  very  important  mono, 
graph  on  the  embryology  of  the  sea  bass,  and  has  also  collected  much 
material  illustrating  the  development  of  the  egg  and  larval  stages  of 
the  cod,  scup,  tautog,  and  other  species  of  fishes  as  well  as  of  some 
crustaceans.  He  has  also  made  some  progress  in  the  study  of  the 
development  of  sponges,  preliminary  to  a  proposed  visit  to  the  coast  of 
Florida,  where  it  is  intended  to  investigate  the  life  history  of  the  commer- 
cial forms.  A  complete  series  of  the  eggs  and  embryos  of  the  Atlantic 
salmon,  obtained  at  the  Maine  station  of  the  Fish  Commission,  has 
likewise  been  prepared  by  Dr.  Wilson  for  fature  examination.  The 
surface  nets  have  been  in  constant  use  in  the  vicinity  of  Woods  HoU, 
under  his  direction,  and  Mr.  H.  O.  White,  a  di-aftsman,  has  been 
employed  during  a  iK>rtion  of  each  year  to  make  drawings  of  the  larval 
fishes  secured  by  this  means.  A  more  complete  account  of  the  results 
of  Dr.  Wilson's  inquiries  is  given  under  the  heading  of  <<  Special  Inves- 
tigations." 

Mr.  Y.  K.  Edwards  has  continued  his  field  observations  respecting 
the  di£ferent  fishes  which  inhabit  the  Vineyard  Sound  region,  keeping 
a  careful  record  of  the  time  of  approach  and  disappearance  of  the 
migratory  species,  of  the  breeding  and  feeding  habits  of  all  forms,  and 
of  the  growth  of  the  young  from  day  to  day.  He  has  also  experimented 
socoessfuliy  with  the  hatching  of  several  common  fishes,  and  has  demon- 
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strated  practically  the  best  methods  by  which  their  artificial  propaga- 
tion may  be  accomplished. 

The  steamer  Fish  Hawk  was  at  Woods  HoU  during  a  part  of  the 
summer  of  ISSO,  and  made  several  coUectiDg  trips  for  the  purpose  of 
securing  material  desired  for  examination.  This  station  was  also  the 
headquarters  of  the  schooner  Orampus  during  both  summers,  while 
engaged  upon  the  physical  inquiries  respecting  the  mackerel-grounds 
off  the  ac^acent  coast,  as  described  elsewhere,  and  Pro!  Libbey  and  the 
members  of  his  party  were  given  the  necessary  accommodations  in  the 
laboratory  for  working  upon  the  materials  and  observations  obtained 
on  each  cruise. 

Many  important  additions  have  been  made  to  the  laboratory  equip- 
ment, and  the  facilities  for  research  are  now  much  better  than  they 
have  been  at  any  previous  time.  The  aquaria  have  also  been  main- 
tained upon  a  proper  basis,  and  while  supplying  the  requirements  of 
the  investigators  for  the  preservation  of  living  specimens,  they  are 
equally  appreciated  by  the  public,  which  is  given  free  access  to  the 
building  at  all  hours.  The  greatest  desideratum  at  the  station  is  the 
lack  of  a  good  collection  of  scientific  books,  but  this  has  been  met  in 
part  by  the  courteous  action  of  the  Marine  Biological  Laboratory  in 
placing  its  fine  working  library  at  the  service  of  the  Fish  Gonunission. 
Books  are  also  obtained  when  needed  from  the  Boston  Society  of  Natural 
History,  and  from  Washington,  and  the  principal  technical  journals 
treating  of  biological  subjects  have  been  subscribed  to. 

During  the  summer  months  of  each  year  the  laboratory  has  been 
occupied  by  a  relatively  large  number  of  scientific  men,  some  of  whom 
have  been  employed  by  the  Fish  Commission  in  making  special  inves- 
tigations, while  others  were  given  such  facilities  as  they  required  for 
conducting  whatever  researches  they  desired  to  make.  The  Commis- 
sioner was  also  present  during  a  part  of  both  seasons.  Seventeen 
investigators  were  in  attendance  during  1889,  and  14  during  1890. 
Below  is  given  a  brief  summary  of  the  work  performed  by  each,  the 
principal  topics  pertaining  to  the^operations  of  the  Fish  Commission 
being  again  referred  to  under  special  headings. 

SUMMER  OF  1889. 

During  this  season  Prof.  W.  K.  Brooks,  of  Johns  Hopkins  University, 
was  occupied  chiefly  with  a  study  of  the  life  history  of  the  common 
starfish,  the  most  dreaded  enemy  of  the  oyster  beds  on  the  New  Eng- 
land coast,  whose  breeding  habits  it  is  very  desirable  should  be  care- 
fully determined.  He  also  paid  some  attention  to  the  natural  history 
of  physalia  and  salpa,  surface  organisms  which  are  sometimes  very 
abundant  in  the  vicinity  of  Woods  Holl. 

Prof.  F.  H.  Herrick,  of  Adelbert  College,  best  known  for  his  joint 
memoir  with  Prof.  Brooks  on  the  Embryologyand  Metamorphosis  of  the 
Macrura^  soon  to  be  published  by  the  National  Academy  of  Sciences, 
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begau  for  the  Fish  Oommission  an  exhaustive  inquiry  into  the  develop- 
ment aud  spawning  habits  of  the  lobster,  one  of  the  most  interesting' 
marine  forms  now  being  propagated  artificially  at  the  Woods  Holl  Sta- 
tion. He  also  collected  material  bearing  upon  the  embryology  of  other 
crustaceans  inhabiting  this  region. 

Prof.  Edwin  Linton,  of  Washington  and  Je£ferson  College,  who  has 
been  engaged  for  several  years  in  a  study  of  the  entozoan  and  other 
worm  parasites  of  fishes,  was  employed  to  continue  his  field  researches 
and  to  make  additional  observations  in  respect  to  this  subject.    Fish 
diseases,  so  far  as  they  have  been  investigated,  appear  to  be  almost 
entirely  the  result  of  parasitism  in  one  form  or  another,  and  it  is,  there- 
fore, very  important  that  the  relations  of  these  low  organisms  to  their 
respective  hosts  should  be  made  out  with  as  much  care  as  x>ossible. 

Dr.  C.  F.  Hodge,  of  Clark  University,  was  at  Woods  Holl  during  the 
first  part  of  the  summer,  and  afterwards  joined  the  steamer  Fish  Hawk 
as  naturalist  in  connection  with  the  oyster  investigation.  While  at  the 
station  he  was  occupied  in  making  observations  upon  the  feeding  habits 
of  larval  lobsters,  and  in  attempting  to  rear  them  through  their  firee- 
swimming  stages,  during  which  period  they  are  subject  to  great  mor« 
tality. 

Mr.  James  I.  Peck,  of  Johns  Hopkins  University,  was  engaged  to 
investigate  the  habits  and  distribution  of  the  young  of  the  scup  and 
sea  bass,  two  of  the  principal  food-fishes  of  the  Vineyard  Sound  region. 
His  observations  were  made  both  in  the  field  and  with  the  aid  of  the 
aquaria. 

Johns  Hopkins  University  was  represented  at  the  station  by  four  inde- 
pendent workers,  Dr.  £.  A.  Andrews,  Mr.  T.  H.  Morgan,  Mr.  S.  Watase, 
and  Mr.  B.  P.  Bigelow.    Dr.  Andrews  investigated  the  anatomy  and  de- 
velopment of  certain  annelid  worms,  and  Mr.  Bigelow  the  comparative 
histology  of  the  discophore  medusae,  and  the  habits  and  the  physiology 
of  physalia.    The  researches  of  Mr.  Morgan  were  mainly  in  the  direction 
of  the  phylogenetic  life  history  of  jelly-fishes,  of  which  he  examined  speci* 
mens  of  Cyaneaartieay  Aureliaflavidulay  a,nd  Pelo^a, but  also  paid  some 
attention  to  the  development  of  pycnogonids,  of  which  three  species  are 
found  in  this  region.    Mr.  S.  Watase  continued  his  studies,  begun  in 
1888,  on  the  structure  and  relationship  of  the  eyes  of  crustaceans  and 
ecMnoderms.    Preliminary  reports  on  this  subject  had  previously  been 
published  by  him. 

Mr.  W.  McM.  Woodworth,  Mr.  C.  B.  Davenport,  and  Mr.  E.  K.  Boyer 
vere  present  as  representatives  of  Harvard  University.  Mr.  Wood- 
worth  was  chiefly  interested  in  tracing  the  development  of  a  small  para- 
ge planarian  which  infests  the  gill  lamellae  of  the  king  crab;  Mr. 
I^avenport,  in  studying  the  structure  and  development  of  marine  and 
^sh-water  polyzoa,  and  of  Bopyrus  paUemoniteSy  the  latter  being  an 
^pod  parasite  living  on  the  common  prawn  {PaUemonites  vulgaris)} 
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and  Mr.  Boyer  in  investigating  the  embryology  of  a  common  minnow 
(Fundulus  heteroelitus). 

Mr.  B.  H.  Waters  and  Mr.  C.  W.  Stevens,  of  Princeton  College,  gave 
their  attention  to  inquiries  of  a  general  character,  while  Prot  A.  A. 
Wright  and  Mr.  M.  J.  Oreenman,  who  were  in  attendance  for  only  a 
fthort  time,  were  occupied  in  securing  miscellaneous  collections  of  marine 
animals  for  Oberlin  College  and  the  University  of  Pennsylvania, 
respectively. 

SUMMER  OF  1890. 

During  the  summer  of  1890  Prof.  F.  H.  Herrick  continued  his  inves- 
tigations, begun  the  previous  year,  respecting  the  life  history  of  the 
lobster.  Prof.  H.  C.  Bumpus,  of  Brown  University,  was  also  present 
during  the  spring  months  and  gave  attention  to  the  same  species, 
his  studies  having  special  reference  to  the  length  of  time  the  eggs  are 
carried  by  the  parent  lobster  before  hatching.  Mr.  B.  O.  Harrison  and 
Mr.  J.  L.  Kellogg,  of  Johns  Hopkins  University,  worked  conjointly  on 
several  problems  relative  to  the  habits  and  fixation  of  oyster  spat,  and 
the  latter  also  took  up  the  study  of  the  anatomy  and  life  history  of  sev- 
eral bivalve  mollusks,  including  the  more  common  edible  species,  such 
as  the  quahog,  soft  clam,  scallop,  and  mussel.  Mr.  Oeorge  H.  Field, 
also  of  Johns  Hopkins  University,  continued  the  inquiries  commenced 
by  Prof.  Brooks  in  1889  on  the  development  of  starfishes,  and  extended 
his  observations  to  other  species  of  echinoderms.  Mr.  E.  O.  Couklin, 
ofthe  same  institution,  studied  the  embryology  of  Urosalpinx  BJid  Grqn- 
duUij  two  gastropod  mollusks,  of  which  the  former  is  the  so-called  oyster 
drill,  second  only  to  the  starfish  as  to  the  amount  of  damage  which  it 
inflicts  upon  the  oyster-beds  of  southern  New  England. 

Dr.  E.  A.  Andrews  investigated  the  structure  and  development 
of  the  eyes  of  annelid  worms,  and  the  growth  of  a  small  nemertean 
(Meckelia).  Dr.  B.  P.  Bigelow,  who  was  attached  to  the  schooner 
Orampusy  in  addition  to  the  physical  observations  assigned  him,  made 
large  collections  of  surface  animals  in  the  region  of  the  Gulf  Steam, 
which  occupied  his  attention  while  the  vessel  was  in  port.  Pro£  Wil- 
liam Patten,  ofthe  University  of  North  Dakota,  was  interested  in  the 
study  of  the  sense  organs  of  crustaceans  and  of  the  horseshoe  crab, 
and  Mr.  W.  McM.  Woodworth  continued  his  observations  upon  the 
parasitic  planarian  which  lives  on  (he  gills  of  the  latter  species.  'Ihe 
development  of  teleostean  fishes  was  studied  by  Dr.  Thomas  G.  Lee,  of 
Yale  University,  and  general  inquiries  were  carried  on  by  Mr.  W.  C 
Prime,  of  Princeton  College. 
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SPBCIAL  OB8BRVATIOH8  AND  BZPBRHtBHTB. 
The  Cod  (Oodttt  morrhua). 

In  the  last  annual  report  an  account  was  given  of  the  efforts  that 
had  been  made  to  increase  the  supply  of  cod  on  the  southern  New  Eng- 
land coast  and  of  the  success  with  which  this  experiment  had  been 
attended.  The  evidence  since  obtained  in  regard  to  this  matter  is  even 
more  gratifying^  and  the  expediency  of  continuing  the  propagation  of 
this  species  upon  as  large  a  scale  as  possible  can  no  longer  be  denied. 
In  fact,  the  observations  which  are  being  made  from  year  to  year  upon 
the  habits  of  marine  fishes  tend  to  prove  that  they  are  nearly  all  much 
more  susceptible  to  human  influences  than  has  generally  been  supposed, 
and  we  feel  justified  in  predicting  for  this  branch  of  fish-culture  a  more 
brilliant  future  than  has  usually  been  accorded  to  it. 

The  number  of  cod  fry  planted  in  the  Vineyard  Sound  region  prior  to 
July  1, 1889,  was  about  38,000,000,  to  which  may  now  be  added  5,800,000 
for  the  season  of  1889-90,  and  36,200,000  for  the  season  of  1890-91,  mak- 
ing a  total  of  over  80,000,000  down  to  the  close  of  the  last  fiscal  year. 
For  the  details  of  the  hatching  work  reference  should  be  made  to  the 
fish-cultural  report  of  the  Woods  HoU  Station,  but  it  is  interesting  to 
note  in  this  connection  that  the  36,200,000  embryos  deposited  in  1890-91 
were  obtained  from  the  eggs  of  587  fish,  caught  chiefly  on  Nantucket 
Shoals,  although  a  few  were  taken  off  Marthas  Vineyard  and  No  Mans 
Land.  The  season  during  which  ripe  eggs  were  secured  lasted  from 
November  17, 1890,  to  February  7, 1891,  each  fish  yielding  from  11,000  to 
238,000  eggs  at  a  stripping,  but  some  of  the  fish  were  handled  more  than 
once.  The  period  of  incubation  ranged  from  216  to  762  hours,  according 
to  the  temperature  of  the  water,  which  varied  from  32°  to  49°  F. 

The  observations  of  Mr.  V.  N.  Edwards  during  thepast  two  years  have 
shown  not  only  that  the  young  cod  have  continued  to  be  abundant  at 
the  proper  seasons,  but  also  that  the  larger  fish  enter  the  inner  waters 
in  considerable  numbers.  In  the  autumn  of  1889  cod  of  two  sizes  were 
plentiful;  the  smaller,  measuring  12  to  13^  inches  long,  were  consid- 
ered to  be  yearlings,  while  the  others,  from  18  to  22  inches  long,  were 
supposed  to  be  2-year-olds.  Fish  1^  years  old,  captured  in  the  spring, 
measured  15  inches.  The  2-year-old  cod  were  abundant  all  along  the 
Massachusetts  coast  south  of  Gape  God,  and  off  Block  Island,  during 
the  foil  of  1889,  and  over  1,000  individuals  of  this  age  were  secured  by 
the  schooner  Orace  during  one  day's  fishing.  They  were  also  taken  by 
the  tautog  fishermen  in  Vineyard  Sound  and  Buzzards  Bay,  and  16 
were  captured  in  a  fyke  net  which  had  been  set  in  the  Great  Harbor  of 
Woods  Holl  for  twenty  years,  the  first  time  that  any  of  this  size  have 
been  known  to  occur  in  these  waters. 
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During  April,  1890,  young  cod  measuring  from  1|  to  2  inches  long, 
were  very  plentiful  all  along  the  shores,  and  were  taken  by  Mr.  Ed- 
wards in  his  small  collecting  seine.  The  latter  part  of  the  month  they 
had  entered  Woods  HoU  harbor  and  had  become  common  around  the 
wharves.  In  May  large  fish,  weighing  from  5  to  15  pounds  apiece,  made 
their  appearance  in  these  waters  in  very  large  numbers,  and  were 
abundant  in  Buzzards  Bay  from  Guttyhunk  to  Quisset,  and  in  Vineyard 
Sound  from  Robinson  HoU  to  Falmouth  Heights.  The  fishermen  caught 
them  in  their  fish  traps,  and  they  also  entered  the  lobster  pots,  some- 
thing previously  unheard  of.  A  small  frinnel-shaped  bass  trap  set  on 
the  shore  off  Nonamessett  Island  caught  23  of  these  large  cod  on  May 
3, 15  on  the  5th,  and  8  on  the  6th  of  the  same  month.  They  were  the 
first  cod  ever  taken  in  that  locality.  From  the  latter  part  of  October 
until  the  end  of  November,  1890,  fish  of  good  size  were  abundant 
throughout  Vineyard  Sound  and  Buzzards  Bay  and  in  the  neighboring 
regions.  October  31,  Mr.  Edwards  reported  that  since  the  20th  of  the 
month  all  the  tautog  fishermen  in  the  sound  and  bay  had  been  catch- 
ing codfish  every  day,  measuring  frt)m  15  to  20  inches  long.  On  No- 
vember 18,  he  stated  that  individuals  weighing  from  5  to  10  pounds 
each  were  very  plentiful  in  Vineyard  Sound,  and  also  occurred  in  Buz- 
zards Bay.  They  were  also  said  to  be  abundant  at  the  same  time  on 
Nantucket  Shoals  and  off  Gape  God.  During  the  latter  part  of  the 
month  the  boats  were  obtaining  from  75  to  90  good-sized  cod  at  each 
tide  off  the  mouth  of  Edgartown  Harbor,  and  sometimes  as  many  as  100 
off  Nantucket  Bar.  There  is  no  record  of  this  species  having  been  cap- 
tured previously  in  either  of  these  localities.  On  April  30, 1891,  Mr. 
Edwards  reported  that  codfish  were  more  abundant  in  the  Vineyard 
Sound  region  than  they  had  been  for  thirty-five  or  forty  years,  and  some 
of  them  were  of  large  size. 

On  November  24, 1890,  Mr.  Willard  Nye,  of  New  Bedford,  Mass.,  re- 
ported that  during  the  same  fall  codfish  had  been  more  numerous  than 
for  many  years  in  the  shoal  waters  at  the  mouth  of  Buzzards  Bay  and 
to  the  westward.  They  have  been  caught,  he  states,  in  the  traps  from 
Salter  Point  off  Narragansett  Biver,  Buzzards  Bay,  as  far  to  the  west  as 
Seaconnet  Point,  and  at  many  places  inside  of  Buzzards  Bay,  which  is 
something  new  even  to  the  oldest  inhabitant.  The  fish  taken  in  shoal 
water  are  of  two  sizes,  one  averaging  about  4,  the  other  about  6  pounds, 
each.  They  are  both  school  cod  and  do  not  have  the  red  color  of  the 
so-called  rock-cod,  stragglers  of  which  are  caught  every  year  in  shallow 
water.  God  fishing  in  Buzzards  Bay  has  been  a  rarity  for  a  great  many 
years. 

On  December  3, 1890,  Mr.  George  A.  Griffin,  wrote  from  Wakefield, 
B.  I.,  to  the  effect  that  codfish  had  been  very  plentiful  during  the  fall 
off  Narragansett  Pier  and  Point  Jud  ith.  They  had  formerly  been  abun- 
dant there,  but  have  been  very  scarce  during  the  past  20  years. 
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Oranting  that  the  increase  of  codflsh,  indicated  by  the  above  and 
previoos  annoancements,  has  resulted  from  the  hatching  work  of  the 
U.  S.  Fish  Commission,  and  that  fact  seems  now  to  have  been  settled 
beyond  any  question,  it  is  interesting  to  note  the  extent  of  sea  coast 
which  can  be  covered  from  a  single  station  without  the  need  of  making 
a  wide  distribution  of  the  fry,  as  nearly  all  of  the  plantings  have 
been  made  in  the  immediate  vicinity  of  Woods  HolL  As  to  the  increase 
recorded  on  Nantucket  Shoals  and  off  the  outer  coast  of  Gape  Cod,  it 
is  impossible  to  say  at  present  whether  this  was  brought  about  by  the 
operations  at  Woods  Holl  or  at  Gloucester,  but  it  is  probable  that  the 
plantings  made  from  the  former  station  were  instrumental  in  this  re- 
spect, to  some  extent  at  least.  As  the  !Fish  Commission  has  not  had 
the  means  of  obtaining  careful  observations  regarding  the  presence 
and  abundance  of  young  fish  north  of  Cape  Cod,  there  is  less  iK>sitive 
information  at  hand  to  show  the  outcome  of  the  hatching  work  at  Qlou- 
cester,  but  there  is  every  reason  to  believe  that  it  has  been  entirely  sue- 
cessfriL  One  instance  of  the  survival  and  growth  of  the  young  planted 
from  that  station  has  been  reported  as  follows :  Writing  from  Kingston, 
Mass.,  July  26, 1889,  Mr.  H.  M.  Jones  stated  that  he  had  had  forty  years' 
experience  in  fishing  in  the  waters  adjoining  Plymouth  Harbor,  but  cer- 
tain schools  of  fish,  which  he  describes  as  having  white  bellies  and  dark 
spots  on  the  back,  had  appeared  during  the  summer,  and  were  entirely 
new  to  him.  They  averaged  4  pounds  in  weight,  and  had  been  plentiful 
all  summer.  Although  he  considered  them  to  be  cod,  they  differed  from 
those  ordinarily  found  in  that  vicinity.  A  specimen  forwarded  to 
Washington  was  found  to  represent  the  variety  of  cod  propagated  at 
the  Gloucester  Station,  and  there  seemed  to  be  no  doubt  that  these 
schools  had  originated  in  the  plantings  made  from  that  place. 

During  the  winter  of  1890-91,  Dr.  H.  V.  Wilson  began  the  study  of 
the  embryology  of  the  cod,  in  connection  with  the  hatching  operations 
at  the  Woods  Holl  Station,  and  before  the  end  of  the  year  he  had 
made  considerable  progress  in  this  work. 

The  Sea  Bam  (Serranui  atrariU9), 

The  experiments  with  respect  to  the  spawning  of  the  sea  bass  made 
at  Woods  Holl  in  1888  and  1889  were  continued  by  Mr.  Edwards  dur- 
ing 1890.  From  4,270,000  eggs  obtained  during  May  and  June  of  the 
latter  year,  3,890,000  embryos  were  secured,  an  exceedingly  large  per- 
centage, showing  that  the  propagation  of  this  species  could  be  carried 
on  without  difficulty.  Bipe  fish  were  first  taken  on  the  spawning- 
grounds  off  Hyannis  on  May  10,  and  eggs  were  obtained  as  late  as 
June  23,  in  the  vicinity  of  Woods  Holl,  Bipe  milters,  according  to  Mr. 
Edwards,  are  found  two  weeks  in  advance  of  ripe  females,  and  he  re- 
ports the  same  also  with  respect  to  the  scup,  mackerel,  and  squeteague. 
If  sea  bass  are  held  in  the  traps  over  thirty-six  hours  their  eggs  are 
always  found  to  be  dead  when  the  fish  are  examined. 
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That  the  planting  of  embryo  sea  bass,  as  well  as  soup,  in  the  shallow 
waters  south  of  Gape  God  would  undoubtedly  be  attended  with  good 
results,  is  well  illustrated  by  an  experiment  made  by  Mr.  Edwards  in 
1890.  In  June  of  that  year  he  liberated  about  60,000  fiy  of  each  of 
these  species  in  the  so-called  Eel  Pond  at  Woods  HoU,  a  shallow  tidal 
basin  having  an  area  of  only  a  few  acres.  On  November  7,  while  sein- 
ing in  the  pond,  he  caught  thousands  of  both  species,  the  smallest 
measuring  2  inches  long  and  the  largest  4^  inches.  During  most  of 
the  same  month  they  were  observed  passing  out  in  large  schools 
through  the  narrow  outlet  from  the  pond,  becoming  very  common  in 
the  harbor  at  Woods  Holl.  but  occurring  nowhere  else.  Sea  bass 
young  placed  in  Eel  Pond  during  the  spring  of  1889  apparently  re- 
mained there  continuously  until  the  fEdl  of  1890,  when  they  had  attained 
a  length  of  10  to  11  inches. 

The  embryology  of  the  sea  bass  has  been  worked  out  in  a  very  com- 
plete and  satisfEtctory  manner  by  Dr.  H.  Y.  Wilson,  assistant  in  charge 
of  the  Woods  Holl  laboratory.  A  preliminary  notice  of  his  researches 
was  published  in  the  Johns  Hopkins  University  Gircular,  vol.  ix,  No. 
80,  1890,  and  the  final  report  in  the  Bulletin  of  the  Fish  Commission 
for  1889.*  Very  instructive  and  important  results  were  obtained  by 
Dr.  Wilson,  and  his  observations  throw  much  additional  light  on  the 
origin  and  structure  of  many  organs,  the  developmental  history  of 
which  has  been  only  imperfectly  understood.  His  explanation  of  the 
derivation  and  function  of  the  lateral  line  is  especially  interesting. 

The  Spanish  Mackerel  (ScamberotMrus  fnaculatus). 

On  June  14, 1891,  the  steamer  Fish  HawJc  was  temporarily  detached 
from  the  oyster  survey  in  Tangier  Sound  and  was  detailed  to  carry  on 
investigations  respecting  the  hatching  of  Spanish  mackerel  in  the  vi- 
cinity of  Gape  Gharles  Gity,  Virginia.  Similar  inquiries  and  experiments 
had  been  made  in  the  lower  Ghesapeake  Bay  during  several  previous 
years  ending  with  1885,  but  the  work  had  never  been  conducted  on  a 
large  scale,  and  only  a  comparatively  small  number  of  fry  had  ever 
been  obtained  at  any  one  time.  The  rapid  diminution  in  the  abun- 
dance of  this  valuable  food  species,  reported  from  year  to  year,  had 
again  called  attention  to  this  subject,  and  rendered  it  of  considerable 
importance  that  additional  and  more  positive  information  should  be 
obtained.  Lieut.  Robert  Piatt,  U.  S.  Navy,  was  charged  with  the  flsh- 
cultural  operations,  and  the  services  of  Mr.  J.  Percy  Moore,  an  assist- 
ant in  the  University  of  Pennsylvania,  were  secured  to  conduct  the 
sdentiflc  observations,  with  the  view  of  supplementing  the  studies  pre. 
viously  made  by  Prof.  John  A.  Byder,  and  published  in  the  Fish  Com- 
mission Bulletin  for  1881.    The  principal  work  mapped  out  was  to  de- 


*  The  Embryology  of  the  Sea  Baes  (Serranus  atrariua).  By  Henry  V.  Wilson,  Ph. 
D.,  assistant  U.  S.  Fish  Commission,  Boll.  U.  8.  Fish  Commission,  vol.  DC,  1889,  pp. 
209-277,  pis.  88-107. 
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termine  suitable  places  for  obtaining  the  spawning  flsh,  the  means 
necessary  for  securing  them  in  good  condition,  and  the  apparatus  best 
adapted  to  the  hatching  of  the  eggs.  The  scientific  inquiries  were  to 
be  directed  chiefly  towards  ascertaining  those  facts  resx)ecting  the  nat- 
ural history  of  the  parent  fish  and  of  the  embryos  which  could  be  turned 
to  practical  advantage  in  the  artificial  propagation  of  the  species.  The 
work  continued  until  the  end  of  July,  1891,  and,  therefore,  only  the  pro- 
gress made  during  the  last  half  of  June  belongs  appropriately  to  this 
report. 

The  vicinity  of  Gape  Charles  Oity  was  found  to  oflFer  good  facilities 
for  the  work,  but  breeding  fish  in  suitable  condition  were  very  difficult 
to  obtain.  By  the  ordinary  methods  of  capture  in  the  pound  nets,  the 
fish  are  held  in  captivity  over  night,  and  those  which  do  not  spawn  before 
morning  (they  are  supposed  to  be  mainly  nocturnal  spawners)  are  sub- 
jected to  so  much  pressure  and  rough  handling  when  the  nets  are 
emptied  on  the  next  day  that,  as  a  rule,  they  lose  not  only  what  ripe 
eggs  they  contain,  but  also  many  immature  ones.  An  attempt  was 
made  to  secure  them  by  means  of  gill  nets,  but  only  a  few  were  so 
taken,  and  the  nets  were  almost  invariably  torn  by  sharks  and  gars. 
It  is  suggested  that  several  pound  nets  might  be  run  exclusively  for 
the  benefit  of  the  hatching  work,  in  which  case  they  could  be  hauled  at 
night,  and  in  such  a  manner  as  to  retain  the  spawning  fish  in  good  con- 
dition. 

It  was  ascertained  that  the  ovaries  of  this  sx)ecies  mature  slowly  and 
not  at  the  same  rate  in  all  parts.  Consequently,  ova  in  very  different 
stages  of  development  were  found  in  the  same  fish.  The  largest  num- 
ber of  ripe  eggs  taken  from  a  single  fish  at  one  time  was  60,000.  The 
movements  of  the  schools  were  much  influenced  by  the  physical  condi- 
tions of  the  water  and  atmosphere,  but  precisely  to  what  extent  was  not 
determined.  The  fry  were  planted  soon  after  hatching,  and  it  was  found 
impossible  to  keep  them  alive  in  the  small  compass  of  an  aquarium  for 
more  than  a  week  at  the'  most.  As  young  fish,  especially  alewives,  are 
very  abundant  at  the  surface  at  this  season,  it  is  considered  that  the 
embryo  mackerel  stand  a  poor  chance  of  escaping  such  enemies  while 
in  their  earliest  and  most  helpless  stages,  and  it  is  suggested  that  some 
means  of  confining  them  along  the  shore  might  prove  advantageous  in 
case  the  hatching  work  should  be  undertaken  upon  a  large  scale. 

The  tidal  or  cod  jars  were  employed  successfully  for  this  species. 
The  eggs  were  found  to  be  buoyant  in  the  bay  water  of  ordinary  den- 
sity, but  sank  and  afforded  poor  results  if  the  water  became  too  brack- 
ish. Up  to  July  1, 1,090,000  fertilized  eggs  had  been  taken  from  30 
female  fish,  producing  366,000  embryos,  which  were  planted  in  the 
vicinity  of  Cape  Charles  City.  The  length  of  time  required  for  hatch- 
bg  after  the  eggs  had  been  impregnated  was  about  twenty-four  hours. 
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The  Maokarel  (Scomber  acombrus), 

Mr.  Edwards  continaed  at  Woods  HoII,  la  1890,  his  exx>erimeiit8  with 
regard  to  the  hatching  of  this  sjiecies  which  had  been  conducted  dur- 
ing 1886, 1888,  and  1889.  From  768,000  eggs,  688,000  embryos  were 
obtained.  About  2,000,000  eggs  taken  from  fish  which  had  been  dead 
a  short  time  proved  worthless.  During  Kovember,  1890,  small  mack- 
erel, measuring  from  8  to  11  inches  long,  were  unusually  abundant  in 
Woods  Holl  harbor,  and  about  5,000  were  caught  with  hook  and  line 
from  the  Fish  Commission  wharf.  Some  adult  specimens  were  also 
captured  at  the  same  place  and  others  in  a  fyke  net  set  by  Mr.  Ed- 
wards, the  first  time  they  had  been  so  taken. 

The  Scup  (Stenotomiu  chryaopa). 

About  396,000  fry  were  obtained  from  443,000  eggs  of  this  species  at 
the  Woods  Holl  station  during  June,  1890.  The  eggs  are  buoyant  and 
hatch  in  from  three  to  five  days.  Kinety-five  per  cent  of  all  the  scup 
taken  at  this  period  were  milters.  After  remaining  in  the  traps  over 
twenty-four  hours,  the  females  are  never  found  to  contain  any  ripe 
spawn.  An  account  of  an  experiment  on  the  planting  of  young  scup 
in  Eel  Pond  during  the  summer  of  1890  is  given  in  connection  with  the 
sea  bass. 

The  Sqneteagne  (Cjfnotoion  regale,). 

The  artificial  propagation  of  this  species  was  first  attempted  at  Woods 
Holl  by  Mr.  Edwards  in  June,  1890,  when  237,000  eggs  were  hatched 
in  3  to  4  days  with  a  loss  of  only  about  10,000.  The  eggs  are  buoyant. 
Nineteen  out  of  twenty  of  all  the  squeteague  taken  were  milters,  and 
ripe  males  occurred  as  late  as  June  30,  but  nearly  aU  the  females  had 
spawned  before  that  time. 

The  Tautog  (Tautoga  onitU), 

From  808,000  eggs  of  the  tautog,  secured  by  Mr.  Edwards  at  Woods 
Holl  during  June,  1890,  732,000  embryos  were  obtained.  The  eggs  aie 
buoyant  and  hatched  in  from  3  to  5  days.  On  June  29, 1890,  about 
50,000  fry  were  planted  in  Eel  Pond,  where  young  fish  were  abundant 
in  the  following  November.  They  did  not  attempt  to  escape  from  the 
IK)nd,  but  stowed  themselves  away  in  the  eelgrass.  This  species  is  said 
to  be  growing  less  abundant  every  year  on  the  southern  coast  of  New 
England. 

The  Cmmer  (Cienoldbrus  adsperaua). 

The  eggs  of  the  cunner  are  buoyant  and  very  transparent;  about  26 
are  contained  in  a  linear  inch.  About  50,000  eggs  of  this  species  ob- 
tained May  22, 1890,  were  hatched  at  Woods  Holl  on  the  5th  day,  with 
a  loss  of  only  5,000.  The  tidal  cod  jar  was  used,  the  temperature  of 
the  water  being  56°  F. 
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Tlie  Atlantic  Salmoii  (Salmo  salar). 

In  the  fall  of  1800,  after  completing  bis  monograph  on  the  sea  bass, 
Dr.  H,  V.  Wilson  paid  a  short  visit  to  the  Fish  Commission  station  at 
East  Orlaud,  Maine,  where  he  made  careftii  preparations  of  a  series  of 
embryos  of  the  Atlantic  salmon,  illustrating  different  stages  in  their 
growth.  This  material  will  sers-e  as  the  basis  for  the  study  of  the 
development  of  the  species. 

The  Flounders   {Paralichthys  dentaius  aud  Paeudopleuronectes  americunus,) 

The  two  most  important  flounders  which  occur  on  the  southern  coast 
of  New  England  are  the  common  flounder,  Paralichthys  dentattiSj  and 
the  flatfish  or  winter  flounder,  Psetidxypleuronectes  americanvs.  Both  of 
these  species,  which  have  a  very  extended  range,  are  now  regarded  as 
valuable  food  products,  and  both  are  sent  to  market  from  the  Woods 
Holl  region.  Nothing  is  positively  known  regarding  the  breeding  hab- 
its of  the  former,  except  that  it  does  not  spawn  in  the  shallow  water 
near  the  shore,  but  the  ripe  eggs  of  the  latter  may  readily  be  obtained 
there  in  large  quantities.  Experiments  regarding  the  hatching  of  this 
species  were  taken  up  by  Mr.  V.  N.  Edwards  in  the  spring  of  1888,  and 
were  continued  by  him  during  1890  and  1891.  The  spawning  season 
begins  early  in  February  and  lasts  until  late  in  April.  During  the 
spring  of  1890  Mr.  Edwards  obtained  5,800,000  eggs  from  87  fish,  the 
same  yielding  over 4,000,000 fry;  in  1891  71  fish  produced 4,080,000  eggs 
and  3,350,000  fry,  the  proportion  of  eggs  hatched  in  each  case  being 
about  70  i)er  cent.  The  length  of  the  period  of  incubation  varied  from 
400  to  600  hours,  the  temperature  of  the  water  ranging  from  32^  to 
46^  Fahrenheit.  The  fry  were  liberated  in  from  1  to  5  days  after  hatch- 
ing. The  eggs  are  adhesive  and  sink.  Several  difi'erent  methods  of 
handling  them  were  tried,  but  the  best  success  was  obtained  by  spread- 
ing them  thinly  on  panes  of  glass  and  placing  them  in  a  current  of  water 
in  the  hatching  boxes.  If  allowed  to  accumulate  together  they  adhere 
in  masses,  and  under  such  conditions  a  very  large  percentage,  if  not  the 
entire  lot,  soon  dies.  In  some  cases,  Mr.  Edwards  found  that  the  eggs 
had  hardened  up  in  the  fish,  and  when  pressure  was  applied  they  came 
out  in  one  solid  body.  Under  such  circumstances  the  eggs  do  not  ripen 
and  the  fish  itself  generally  dies. 

This  species  can  be  caught  in  large  numbers  in  the  IniTborof  Woods 
Holl  and  in  the  neighboring  waters  during  the  spawning  season.    Dur- 
ing the  more  severe  winter  weather,  however,  they  retreat  to  the  deeper 
parts  of  Vineyard  Sound  and  Buzzards  Bay.    Tlie  earliest  spawners 
have  been  obtained  in  the  upper  parts  of  Waquoit  Bay,  in  the  town  of 
Falmouth,  where  they  are  said  to  ajipear  every  season  at  the  first  thaw 
in  February.    Later  in  the  spring  they  can  be  taken  in  the  vicinity  of 
Woods  Holl.    Dr.  Wilson  found  it  difficult  to  kec^p  the  young  flounders 
alive  for  any  length  of  time  in  the  aquaria,  but  early  in  May,  1890, 
tliey  were  abundant  at  the  surface  and  were  captured  in  the  tow  net. 

H.  Mis.  113 11 
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The  Sand  Dab  (Pleuronectes  maculatus). 

On  May  12, 1890,  Mr.  Edwards  secured  about  100,000  eggs  of  this 
species,  which,  in  a  temperature  of  51°  to  54^  F.,  Latched  on  the  fifth 
day,  with  a  loss  of  only  10  per  cent.  The  tidal  cod  jar  was  used  for 
this  purpose.  The  eggs  are  buoyant,  and  about  24  are  contained  in  a 
linear  inch. 

The  Four-Spotted  Flounder  (Paralichthys  oblongus). 

Of  this  species,  50,000  eggi^  were  obtained  on  May  15, 1890.  They 
are  of  the  same  size  as  the  eggs  of  the  sand  dab,  are  also  buoyant,  and 
hatched  in  the  same  length  of  time,  but  with  a  loss  of  50  per  cent. 
The  tidal  cod  jar  was  employed. 

The  Lobster  (HomaruB  americanus). 

In  previous  reports  accounts  have  been  given  of  the  successful  at- 
tempts made  to  hatch  lobster  eggs  which  had  i)reviously  been  removed 
from  the  swimmerets  of  tlie  parent,  but  at  the  same  time  attention  was 
called  to  the  difficulty  of  rearing  the  embryos  in  captivity,  owing  to 
their  propensity  to  devour  one  another,  notwithstanding  great  care 
was  exercised  in  supplying  them  with  proper  food.  On  this  account  the 
embryos  have  generally  been  phmted  when  only  a  few  days  old,  but  it 
is  considered  that  much  better  results  could  be  accomplished  by  ctmfin- 
ing  them  in  tanks  until  they  had  reached  an  age  of  4  or  5  weeks,  when 
they  arc  better  able  to  protect  themselves  against  their  enemies. 

During  1890  and  1891  the  hatching  work  was  continued  at  Woo<l8  HoU 
on  a  moderate  scale,  and  at  the  same  time  careful  experiments  were 
made  to  discover  some  way  of  keeping  the  larvae  in  the  aquaria  without 
the  great  mortality  which  has  hitherto  occurred.  Mr.  V.  N.  Edwards 
also  made  some  interesting  observations  regarding  the  eggs  and  the 
size  at  which  the  adult  first  becomes  mature,  and  imjiortant  studies  re- 
specting the  breeding  habits  and  life  history  of  the  species  were  under- 
taken by  Prof.  F.  II.  Herrick,  of  Adelbert  College,  and  Prof.  H,  C. 
Bumpus,  of  Brown  University.  Prof.  Ilerrick  first  turned  his  attention 
to  this  matter  during  the  summer  of  1889,  and  intLe  following  year 
arrangements  were  made  with  him  to  prei){ire  a  comprehensive  mono- 
graph covering  the  entii'e  subject,  which  will  probably  require  several 
years  for  its  completion.  Prof.  Bumpus  was  at  the  station  in  the  spring 
of  1890.  Preliminary  reports  have  been  i)ublished  by  Prof.  Herrick  in 
the  Johns  Hopkins  University  Circular  No.  80, 1890,  and  No.  87, 1891, 
the  latter  containing  the  two  following  papers  by  him,  namely:  "  Notes 
on  the  habits  and  larval  stages  of  the  American  lobster,"  and  '^  The 
reproductive  organs  and  early  stages  of  development  of  the  American 
lobster.'' 

From  the  inquiries  made  up  to  this  date  some  very  valuable  deduc- 
tions have  been  reached.  The  fact  that  the  eggs  laid  during  the  sum- 
mer are  carried  by  the  parent  until  the  following  spring  or  summer 
before  hatching,  a  conclusion  reached  by  the  wiiter  from  his  experi- 
ments  in  18S5,  has  been  i)roved  couclusWdy,     During  1889,  eggs  were 
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laid  firom  June  20  to  July  15,  and  probably  later;  and  in  1890,  from 
July  1  until  about  August  20,  according  to  the  observations  made. 
Lobsters  do  not  breed  readily  when  confined  in  close  quarters.  One 
lemale  kept  in  a  small  aquarium  for  about  eight  \veeks  extruded  eggs 
which  were  somewhat  abnormal  in  their  condition,  and  in  the  course 
of  a  few  day s  they  were  scratched  off  by  her  from  the  swimmerets. 
The  hatching  period  at  Woods  Holl  occupies  about  eight  weeks,  be- 
ginning about  the  middle  of  May  and  continuing  until  near  the  middle 
of  July,  but  it  varies  somewhat.  In  1890  the  last  lobster  with  light- 
colored  spawn  (about  ready  to  hatch)  was  taken  July  7,  and  on  the 
same  day  the  Oay  Head  fishermen  obtained  the  first  lobster  of  the 
season  with  dark-colored  or  newly  laid  eggs. 

Prof.  Herrick  considers  that  the  lobster  does  not  breed  annually, 
judging  from  the  immature  condition  of  the  ovaries  at  the  time  of  hatch- 
ing of  the  eggs  attached  to  the  swimmerets,  and  by  the  large  percent- 
age of  non-egg-bearing  females  taken  in  the  winter  and  spring.  In 
April,  1889, 21  per  cent  of  all  the  lobsters  caught  at  Woods  Holl  by 
Mr.  Edwards  were  females  with  eggsj  in  May,  19  per  cent,  and  in 
June  only  about  one-half  of  1  per  cent,  the  larger  proportion  of  the 
eggs  having  hatched  previous  to,  or  during  the  early  part  of,  the  last- 
mentioned  month.  In  the  course  of  these  observations  it  was  also 
noticed  that  the  females  somewhat  exceeded  the  males  in  numbers. 

Freshly  laid  eggs  are  very  dark  green  in  color,  but  toward  the  next 
spring  they  become  much  lighter,  owing  to  the  partial  consumption  of 
the  yolk.  The  adult  lobster  raaj'-  molt  soon  after  its  eggs  are  hatched 
(most  commonly  in  the  early  summer)  or  not  until  fall,  and  possibly  at 
any  other  time  when  not  cairying  eggs.  The  frequency  of  the  fall 
molting  has  been  referred  to  elsewhere.  Prof.  Herrick  is  inclined  to 
think  that,  after  becoming  sexually  mature,  lobsters  do  not,  as  a  rule, 
molt  annually.  From  six  to  eight  weeks  are  probably  required  to  pro- 
duce a  fairly  hard  new  shell.  At  the  time  of  hatching  the  larval  lobster 
sdso  molts  for  the  first  time,  the  delicate  skin  being  cast  off  with  the 
shell.  This  is  a  critical  period  in  its  history,  and  in  connection  with 
the  work  at  Woods  Holl  large  numbers  die  at  this  stage  through  ina- 
bility to  pass  the  first  molt.  The  young  swim  at  the  surface  for  six  or 
eight  weeks,  when  they  attain  a  stage  which  bears  a  general  resemb- 
lance to  the  adult,  although  d  ifi'ering  from  it  in  many  details.  The  larva 
at  this  age  both  walks  on  the  bottom  and  swims  at  the  surface,  but  when 
it  reaches  the  next  stage,  it  leaves  the  surface  entirely. 

During  the  early  spring  of  1890,  Prof.  Bumpus  succeeded  in  hatch- 
ing lobster  eggs  prematurely  by  placing  them  in  running  water,  of 
which  the  temperature  had  been  elevated  artificially  to  that  of  the  sea 
water  in  June.  The  young  made  their  upijearance  in  a  very  few  days. 
Other  eggs  from  the  same  lobster  retained  in  water  of  normal  temper- 
ature did  not  develop  ai)preciably  during  the  same  period.  The  young 
produced  in  this  way  seemed  strong  and  hardy  and  no  fatal  itb^witj^ 
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attended  their  transfer  to  water  of  ordinary  temperature.  In  fa«t, 
they  were  kept  for  twenty-four  hours  in  a  temperature  as  low  as  32^  F. 
without  injury.  The  expediency  of  resorting  to  this  method  is,  however, 
questionable,  on  account  of  the  extra  trouble  and  exi)en8e  of  manipu- 
lation where  the  work  is  carried  on  upon  a  large  scale.  Experience 
has  taught  that  in  nearly  all  fish-cultural  operations  it  is  best  to  con- 
duct them  under  natural  conditions  as  far  as  possible. 

The  observations  made  by  Dr.  C.  F.  Hodge,  during  the  summer  of 
1889,  respecting  the  feeding  of  young  lobsters  in  confinement,  while 
not  successful  from  a  practical  standpoint,  furnished  some  interesting 
facts  regarding  the  larval  habits  of  this  species.  The  stomachs  of  speci- 
mens, about  one  month  old,  taken  at  the  surface  in  Woods  Holl  har- 
bor, contained  fragments  of  copepods  and  of  the  larval  stages  of  crabs, 
showing,  so  far  as  these  examinations  go,  that  their  normal  food  at  this 
age  consists  of  active  crustacean  forms  having  the  same  pelagic  habits 
as  themselves.  In  the  aquaria  they  were  supplied  with  all  sorts  of 
food,  both  animal  and  vegetable,  which  it  was  conjectured  might  be 
suited  to  their  tastes  and  needs,  including  surface  towiugs  brought  in 
from  the  harbor.  They  did  not  appear  to  touch  anything  of  a  vegeta- 
ble nature  or  any  preparations  made  from  flour.  They  will  eat  almost 
any  character  of  animal  food  if  suitably  prepared,  but  while  some  kinds 
seem  to  be  beneficial  to  them,  others  are  more  or  less  harmful,  the 
yolks  of  hard-boiled  eggs  and  freshly  coagulated  milk  belonging  to  the 
former  category.  When  well  supplied  with  nutriment  they  rapidly 
gorge  themselves,  and  it  was  found  necessary  to  take  much  pains  in 
dividing  the  solid  particles,  which  should  be  neither  too  fine  nor  too 
coarse,  to  insure  their  proper  feeding  and  prevent  their  becoming  en- 
tangled in  the  loose  tissues.  In  none  of  the  trials,  however,  did  more 
than  a  small  percentage  of  the  larva5  survive  for  any  considerable 
length  of  time.  They  appeared  to  rest  mainly  upon  the  bottom  of  the 
aquarium  at  night,  but  rose  toward  the  surface  whenever  a  light  was 
brought  near  them.  In  thedaytime,  also,  they  feed  chiefly  on  the  bottom, 
and  are  apt  to  spend  much  of  their  time  there  even  when  not  so  occupied. 

Dr.  Hodge  is  inclined  to  believe  that  the  difliculties  in  the  way  of 
raising  young  lobsters  in  the  aquarfa  do  not  arise  entirely  from  their 
feeding  habits,  but  are  due  in  part  to  other  causes,  not  at  present  un- 
derstood. He  experimented  upon  the  eff'ects  of  light,  of  temperature, 
of  the  conditions  of  the  water,  etc.,  but  without  producing  any  modifi- 
cations in  his  results.  Larvae  confined  in  floating  cars  off  the  wharf, 
moreover,  fared  no  better  than  those  kept  in  the  laboratory.  It  has 
been  suggested  that  a  minute  protozoan,  which  constantly  swarmed 
about  tlie  living  young,  and  completely  infested  their  dead  bodies,  may 
to  some  extent  have  been  instrumental  in  their  destruction,  a  matter 
that  could  readily  be  determined  by  a  sterilization  of  the  water,  but  it 
is  improbable  that  such  a  widesprejid  mortality  could  result  from  such 
a  cause. 
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Between  April  16  and  June  13, 1890,  723  lobsters  furnished  8,317,000 
eggs  yielding  4,511,000  embryos.  Between  Aju-il  2S  and  June  30, 1891, 
4,353,000  eggs  were  obtained  fiom  482  lobsters,  and  from  these 3,533,000 
embryos  were  secured.  The  proportion  of  eggs  hatched  in  1889  was 
about  51  per  cent;  in  1890,  54  per  cent;  and  in  1891,  81  per  cent.  The 
greatly  increased  percentage  in  the  last-mentioned  year  was  due  to 
greater  skill  in  the  handling  of  the  eggs,  and  to  the  exclusive  use  of 
the  automatic  shad  jar,  which  is  better  adapted  to  the  treatment 
of  lobster  eggs  than  any  other  apparatus  yet  employed  for  that  pur- 
pose. Observations  made  in  1890  tended  to  show  that  the  lobster  eggs 
did  not  hatch  in  the  apparatus  until  the  temperature  of  the  water  had 
risen  to  between  54°  and  59°  F.  This  fact,  however,  needs  to  be  cor- 
roborated. 

During  the  seasons  of  1890  and  1891,  Mr.  V.  N.  Edwards  kept  a 
carefol  record  respecting  the  sizes  of  all  breeding  lobsters  which  he 
handled,  and  the  number  of  eggs  furnished  by  each.  The  results  ob- 
tained are  exceedingly  interesting,  and  indicate  that  a  larger  propor- 
tion of  the  lobsters  begin  to  spawn  at  an  early  age  than  has  generally 
been  supposed.    These  facts  are  shown  in  the  following  table: 

Table  shoicing  the  number  of  eggs  to  lobsters  of  each  size,  seasons  of  1890  and  1891, 


Size. 


8  to  8}  inches. 

9  to  10  inches. 

10  to  11  inches 

11  to  12  inches 

12  to  13  inches 

13  to  14  inches 

Totals.. 


No.  of 
lobsters. 


23 
344 
553 
226 

50 
9 


1,205 


Ko.  of  eggs. 


149,226 

2, 642, 291 

5,  763,  542 

3, 095, 037 

907, 330 

208,590 


12, 766, 016 


Average  No. 
of  eggs  to 
each  size. 


6,480 
7,600 
10,400 
13,600 
18,000 
23,100 


10,594 


The  averages  given  in  this  table  do  not  represent  the  total  numbers 
actually  extruded  by  the  females,  as  in  a  large  percentage  of  the  speci- 
mens many  of  the  eggs  had  been  removed  by  one  cause  or  another 
before  the  lobsters  were  captured.  Eels,  cunners,  and  other  small 
rapacious  fishes  are  undoubtedly  responsible  for  much  of  this  destruc- 
tion. The  extreme  range  in  the  number  of  eggs  recorded  for  each  size 
was  as  follows:  In  specimens  measuiing  from  8  to  8f  inches,  3,000  to 
12,000  eggs;  9  to  10  inches,  3,000  to  16,500  eggs;  10  to  11  inches,  3,000 
to  21,000  eggs;  11  to  12  inches,  3,000  to  24,000  eggs;  12  to  13  inches, 
6,000  to  30,000  eggs;  13  to  14  inches,  15,000  to  36,000  eggs. 

Over  one-fourth  of  the  breeding  lobsters  were  between  9  and  10 
inches  long,  and  nearly  one-half  between  10  and  11  inches  long.  Only 
59  were  taken  whose  size  was  above  12  inches,  and  none  exceeded  14 
inches.  It  may,  therefore,  be  concluded  with  respect  to  the  Vineyard 
Sound  region  that  the  average  size  of  the  breeding  lobsters  is  much 
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less  than  it  was  ten  and  twenty  years  ago,  and  that  much  more  than 
half  are  now  under  the  legal  limit  of  lOJ  inches  prescribed  by  the 
Massachusetts  fishery  regulations.  The  search  for  egg  lobsters  has 
also  disclosed  the  fact  that  the  abundance  of  lobsters  is  still  rapidly 
decreasing  on  this  coast.  During  the  season  of  1800,  50  lobsters  with 
dead  eggs  were  taken,  and  among  the  females  above  10  inches  long 
caught  in  this  vicinity  there  was  an  average  of  only  about  1  with 
spawn  to  12  without  spawn.  In  November,  1800,  with  175  traps 
set,  the  catch  averaged  2  lobsters,  measuring  lOJ  inches  and  over  to 
each  trap  per  day.  There  was  also  an  average  of  1  egg  lobster 
to  every  7  lobsters  taken.  In  February,  1801,  5  traps  averaged  1 
10^-inch  lobster  and  10  small  lobsters  per  day.  In  April,  1801,  400 
traps  set  in  the  bay  and  sound  averaged  about  100  lobsters  per  day, 
measuring  lOJ  inches  and  over,  and  about  10  egg  lobsters.  In  May 
the  average  i)er  day  was  1  large  lobster  to  every  2  traps.  Small  lob- 
sters were  also  less  abundant  than  in  previous  years.  At  Monomoy, 
where  lobsters  were  formerly  very  common  within  a  mile  of  the  x>oint, 
the  fishermen  are  now  required  to  go  nearly  to  the  Nantucket  shore 
to  set  their  traps.  The  catch  in  1800  was  only  about  half  that  of  the 
previous  year. 

During  October  and  November,  1890,  Mr.  Edwards  made  some  interest- 
ing observations  on  the  fall  molting  of  lobsters  which  indicate  that  the 
habit  of  shedding  at  this  season  is  more  common  than  has  generally  been 
supposed.  Eight  specimens  were  measured,  and  the  increase  in  size  iii 
each  instance,  ranging  from  one-half  to  IJ  inches,  was  found  to  be 
as  follows:  From  5  to  6  inches,  from  5 J  to  6 J  inches,  from  7^  to  8 
inches,  from  7f  to  8J  inches,  from  8  to  9  inches,  from  8J  to  OJ  inches, 
from  9  to  lOJ  inches,  and  from  11  to  12  inches.  The  rate  of  growth 
seems,  therefore,  to  vary  considerably,  even  among  individuals  of  ap- 
proximately the  same  size. 

In  the  fall  of  1890  Mr.  F.  N.  Barrett,  editor  of  the  American  Grocer, 
New  York,  called  the  attention  of  the  Commissioner  to  the  fact  that  in 
the  canned-lobster  trade  cans  were  often  found  in  which  the  contents 
had  turned  black  and  were  unfit  for  eating.  This  circumstance  had 
created  considerable  i)rejudice  against  this  product,  especially  in  the 
foreign  markets.  Many  causes  had  been  assigned  for  the  phenomenon, 
none  of  which,  however,  were  based  upon  an  investigation  of  the 
actual  condition  of  the  spoiled  goods.  Several  cans  containing  the 
blackened  lobsters  were  sent  to  Washington,  and  were  placed  by  the 
Commissioner  in  tbe  hands  of  Dr.  William  Gray,  microscopist  of  the 
Army  Medical  Museum,  for  analysis.  Dr.  Gray's  studies  upon  the 
subject  have  not  yet  been  completed,  but  in  the  discolored  patches  of 
muscular  tissue  he  has  found  a  species  of  bacOlus  apparently  nnde- 
scribed,  which  is  probably  responsible  for  the  changes  observed  in  the 
color  and  condition  of  this  product. 
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Edible  MoUusks. 

Mr.  E.  G.  Harrison  and  Mr.  J.  L.  Kellogg,  of  Johns  Hopkins  XJni- 
Tersity,  were  employed  at  the  Woods  HoU  laboratory  during  the-smn- 
mer  of  1890,  under  the  direction  of  Prof.  W.  K.  Brooks,  to  investigate 
certain  natural-history  problems  relative  to  the  oyster  and  other  edible 
mollusks,  and  bearing  upon  their  artificial  cultivation.  They  worked 
coDJointly  on  the  embryology  of  the  oyster,  and  made  experiments  re- 
specting the  effects  of  density,  temperature,  sunshine,  etc.,  on  the  oyster 
larva  during  its  free-swimming  and  fixative  stages.  They  also  collected 
material  for  a  study  of  the  trematode  parasites  of  the  oyster  and  other 
bivalves,  Dr.  Brooks  having  been  led  to  believe  that  these  organisms 
may  have  been  instrumental  in  causing  the  deterioration  of  oyster  beds 
in  some  cases.  The  general  investigation  of  the  anatomy,  histology, 
and  embryology  of  lamellibranchs  was  taken  up  by  Mr.  Kellogg  and 
was  conducted  by  him  in  accordance  ^ith  modern  methods  of  biological 
research.  It  is  expected  that  these  inquiries  will  furnish  many  impor- 
tant facts  regarding  the  morphology  of  the  common  edible  bivalves  which 
will  be  of  service  to  the  fish-culturist.  They  will  be  continued  during 
the  summer  of  1891.  Dr.  Wilson  has  also,  during  his  investigations  at 
Woods  HoU,  recorded  many  valuable  observations  respecting  the  breed- 
log  habits  and  organs  of  the  long  clam,  quahog,  mussel,  and  scallop. 

Sponges. 

Preliminary  to  a  study  of  the  life  history  of  the  Florida  commer- 
cial sponges,  which  it  is  intended  shall  soon  be  taken  up.  Dr.  H.  V. 
Wilson  began  at  Woods  Holl,  in  the  summer  of  1890,  an  investi- 
gation of  the  breeding  habits  of  certain  species  occurring  in  that  vi- 
cinity. His  observations  were  continued  during  the  following  winter 
and  spring,  most  attention  being  paid  to  a  silicious  form  which  is  com- 
mon on  the  wharf  at  the  Fish  Commission  station.  Dr.  Wilson  found 
that  during  the  summer  and  early  fall  this  species,  instead  of  reproduc- 
iDg  by  means  of  eggs,  does  so  asexually  through  the  formation  of  in- 
ternal buds  or  gemmnles,  solid  oval  bodies  which  swim  about  by  means 
of  cilia.  Similar  means  of  reproduction  have  been  detected  in  the 
firesb-water  sjwnges  and  in  the  genus  Chalinula.  The  formation  of 
these  gemmules  in  the  silicious  species  referred  to,  the  character  of  the 
swimming  larvae,  and  its  metamorphosis  into  the  adult  sponge,  were 
carefully  studied  by  Dr.  Wilson,  who,  judging  also  from  observations 
made  at  the  Bahama  Islands,  is  led  to  believe  that  this  method  of 
propagation  is  common  among  marine  sponges.  Should  this  hold  true 
with  the  commercial  species,  three  possible  methods  of  accomplishing 
their  artificial  cultivation  would  thereby  be  presented,  namely,  by 
means  of  the  eggs,  by  means  of  the  gemmules,  and  by  cuttings.  All 
the  practical  experiments  made  in  this  direction  up  to  the  present  time 
have  dealt  only  with  the  cuttings,  and  while  that  method  may  still 
prove  to  be  the  more  satisfactory  one,  the  others  might  present  certain 
advantages  in  any  attempt  to  improve  the  grade  of  sponges  or  to  dis- 
tribute them  over  new  gronuda. 
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DISEASES  AND  PARASITES   OF  FISHES. 

Fishes  are  subject  to  a  variety  of  diseases,  some  of  which  are  local 
and  unimportant,  having  little  or  no  effect  ni)on  the  general  condition 
of  the  fish,  while  others  assume  a  very  serious  character,  becoming  even 
epidemic  in  their  course  and  causing  the  mortality  of  immense  numbers 
of  individuals.  But  little  attention  has  been  paid  to  the  nature  or 
pathology  of  such  diseases  or  to  their  treatment,  and  an  imi}ortant 
field  is,  therefore,  open  for  investigations  in  this  direction.  It  is  well 
known  that  a  large  percentage  of  the  disorders  which  have  been  ob- 
served among  fishes  is  due  to  i)arasitism  of  one  sort  or  another,  and  as 
biologists  have  long  been  interested  in  the  natural  history  of  the  para- 
sites so  concerned,  much  information  has  been  secured  regarding  the 
structure  and  the  development  of  these  organisms.  This  branch  of 
research  must,  in  fact,  precede  the  more  special  consideration  of  the 
relations  of  the  parasites  to  their  hosts  and  their  effects  upon  the 
latter;  but  the  time  has  come  when  not  only  the  amount  of  material 
collected  seems  ample  to  begin  upon  a  full  investigation  of  this  more 
practical  phase  of  the  subject,  but  also  when  the  demands  for  accurate 
information  regarding  it  have  become  sufficiently  urgent  to  necessitate 
its  being  taken  up  without  delay.  Dr.  Kevere  K.  Gurley  has  recently 
been  assigned  to  the  study  of  these  problems. 

The  parasites  which  infest  fishes  belong  to  both  the  animal  and 
vegetable  kingdoms,  and  some  fishes  even  are  parasitic  on  others.  The 
groups  of  crustaceans  and  worms  furnish  the  greatest  variety  of  known 
parasitic  forms,  the  former  occurring  generally  on  the  exterior  of  the 
body  or  in  the  mouth  cavity,  the  latter  in  or  among  the  viscera  and  in 
the  tissues.  A  majority  of  these,  however,  seem  to  be  entirely  liarm- 
less,  but  many  produce  a  diseased  condition  of  greater  or  less  extent, 
and  some  at  least  must  eventually  prove  fatal.  The  protozoan  para- 
sites, called  psorosperms,  give  rise  to  large  excrescences  on  the  exterior 
of  the  fish,  making  it  very  unpresentable  in  appearance,  and  undoubt- 
edly soon  causing  death.  Among  fresh-water  fishes  most  harm  is 
probably  effected  by  low  forms  of  plants,  which  often  result  in  a  very 
widespread  mortality,  as  in  some  of  the  large  northern  lakes.  Their 
attacks  are  not  confined  to  the  adults,  but  extend  also  to  the  younger 
stages  and  the  embryos  as  well  as  to  the  eggs,  and  in  the  artificial 
hatching  apparatus  they  often  cause  much  destruction.  A  great  mor- 
tality also  occurs  among  fishes,  which  has  not  been  traced  to  parasit- 
ism, and  of  the  true  nature  of  which  we  are  still  ignorant.  One  instance 
of  this  character  is  noticed  elsewhere  in  this  report,  in  the  account 
of  Prof.  8.  A.  Forbes'S  observations  at  Lake  Mendota,  Wisconsin. 

The  long-continued  investigations  by  the  Fish  Commission  on  the 
Atlantic  coast  of  the  United  States,  especially  in  the  vicinity  of  Woods 
Holl,  Mass.,  have  afforded  the  means  of  collecting  and  studying  the 
crustacean  and  worm  i)arasites  of  marine  fishes  under  exceptionally 
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favorable  conditions.  A  few  papers  bearing  upon  the  former  group 
have  appeared  in  the  publications  of  the  Fish  Commission  and  U.  S. 
National  Museum  from  time  to  time.  In  1884  Prof.  Edwin  Linton, 
of  Washington  and  Jeflferson  College,  began  an  exhaustive  inquiry 
respecting  the  entozoan  worm  parasites  of  fishes,  which  has  been  con- 
tinue<l  down  to  date.  Three  general  papers  on  tliis  subject  have  been 
printed  in  the  annual  reports  of  the  Commission  for  1886,  1887,  and 
1888,  and  a  special  account  of  a  parasite  of  the  tiger  shark  in  the  last- 
mentioned  report.  The  protozoan  parasites  occurriug  on  Cyprinodon 
in  the  Vineyard  Sound  region,  and  on  cyprinoid  fishes  in  Ohio,  have 
also  been  discussed  by  Prof.  Linton  in  the  Pish  Commission  Bulletin 
for  1889.  The  entozoan  i)arasites  of  the  trout  collected  by  Dr.  Jordan 
in  the  Yellowstone  Park,  in  1890,  were  referred  to  Prof.  Linton  for  in- 
vestigation, and  the  following  year  he  accompanied  Prof.  S.  A.  Forbes 
on  an  expedition  to  the  same  region,  where  he  was  able  to  study  the 
same  forms  in  a  fresh  condition  and  to  trace  their  develoi)ment  through 
the  i)elican.  An  account  of  his  researches  in  respect  to  this  subject 
will  be  found  under  the  heading  of  the  Yellowstone  National  Park. 

The  attention  of  the  Commission  has  been  called  to  several  instances 
where  young  trout  kept  in  confinement  have  become  blind.  Specimens 
in  this  condition  were  carefiilly  examined  by  Prof.  Linton,  but  no  trace 
of  parasitism  was  discovered.  The  eyes  were  congested  and  there  ap- 
peared to  be  an  unusual  amount  of  pigment  in  the  choroid  coat  and  in 
the  vicinity  of  the  crystalline  lens.  It  seems  probable,  therefore,  that 
the  trouble  arose  from  some  external  condftions  surrounding  the  fish, 
and  which  affected  only  the  eyes,  as  the  specimens  were  otherwise  in 
good  condition. 

COLLECTIONS,  PREPARATION  OF  REPORTS,  ETC. 

The  laboratory  established  at  the  Central  Station  in  Washington  at 
the  close  of  the  fiscal  year  1889  has,  up  to  the  present  time,  met  the 
principal  requirements  of  the  work  of  this  division,  but  it  is  rapidly 
becoming  overcrowded  and  furbishes  insuflQcient  accommodations  for 
taking  proi)er  care  of  specimens  obtained  in  the  investigations  now  in 
progress.  Very  large  collections  have  been  received  during  the  past 
two  years,  resulting  mainly  from  the  explorations  of  the  steamer  Alba- 
tross in  the  North  Pacific  Ocean  and  in  Bering  Sea,  from  the  oyster 
surveys  along  the  Atlantic  coast,  and  fiom  the  inquiries  respecting 
the  lakes  and  rivers.  While  it  is  not  proposed  to  retain  permanently 
in  the  Fish  Commission  building  more  than  a  type  or  working  series 
of  the  si)ecimens  thus  obtained,  yet  a  considerable  time  must  elapse 
before  any  extensive  collection  can  be  fully  studied  and  the  reports 
bearing  upon  it  prepared  for  printing,  and  ample  storage  and  working 
space  is  therefore  required  for  the  accommodation  of  this  branch  ol 
research. 

The  study  of  the  fishes  has  progressed  rapidly  under  the  cate  ot  T>t. 
Tarleton  H.  Bean^  the  ichthyologist  of  the  Commissioii,  and  t\itoug\i 
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the  cooperation  of  Dr.  David  S.  Jordan  and  Prof.  Charles  H.  Gilbert, 
of  Indiana  University.  As  elsewhere  explained,  the  fresh  water  fishes 
have  been  mostly  worked  up  at  the  last-mentioned  institution,  and  the 
marine  species  recently  collected  by  the  Albatross  on  the  Pacific  coast 
have  been  sent  there  to  be  classified  and  described  by  Prof.  Gilbert.* 

Considering  the  invaluable  assistance  received  from  this  source  dur- 
ing the  past  four  years,  the  acceptance  by  Dr.  Jordan  of  the  presidency 
of  the  Leland  Stanford  Junior  University  is  to  be  regretted  in  the  im- 
mediate interests  of  the  Fish  Commission,  and  yet,  through  his  assur- 
ance of  continued  cooperation,  the  opportunity  will  now  be  afforded  to 
make  a  thorough  investigation  of  the  fishery  resources  of  California, 
a  region  which  has  been  much  neglected  in  that  respect. 

Arrangements  are  now  in  i)rogress  for  the  study  by  specialists  of 
high  standing  of  many  of  the  groups  of  o(!eanic  animals  which  are 
richly  represented  in  recent  collections  from  the  Pacific  coast.  This 
will  be  done  without  expense  to  the  Government,  and  will  insure  the 
preparation  of  a  very  valuable  series  of  reports  upon  the  more  important 
biological  features  of  the  fishing-grounds  now  in  course  of  examination 
by  the  Albatross,  The  higher  crustaceans  from  this  region,  such  as  the 
crabs  and  shrimps,  are  now  being  studied  by  Mr.  James  E.  Benedict 
and  Miss  M.  J.  Eathbun,  of  the  U.  S.  National  Museum. 

Very  large  collections  of  fishes  and  marine  invertebrates  have  been 
transferred  to  the  custody  of  the  National  Museum,  and  many  sets  of 
duplicate  natural-history  specimens  have  been  distributed  for  educa- 
tional puri)oses,  either  directly  by  the  Fish  Commission  or  through  the 
medium  of  the  National  Museum.  The  following  institutions  have 
been  thus  supplied:  Ohio  State  University,  Columbus,  Ohio;  Museum 
of  Comparative  Zoiilogy  of  Harvard  University;  Indiana  University, 
Bloomington,  Ind.;  State  Normal  School,  Terre  Haute,  Ind.;  Purdue 
University,  Indiana;  Syrian  College,  Beirut,  Syria;  Clark  University, 
Worcester,  Mass.;  University  of  South  Carolina;  Ottawa  Univ^ersity, 
Ottawa,  Kans.;  Lawrence  University,  Ax)pleton,  Wis.;  Muhlenberg 
College,  AUentown,  Pa.;  University  of  Wisconsin,  Madison,  Wis.; 
High  School,  Council  Bluffs,  Iowa;  New  Orleans  University,  New  Or- 
leans, La.;  Woman's  College  of  Baltimore,  Baltimore,  Md.;  Superin- 
tendent of  schools,  Clean,  N.  Y. ;  State  Agricultural  College,  Corval- 
lis,  Oregon;  South  Jersey  Institute,  Bridgeton,  N.  J.;  Dakota  Univer- 

*  A  preliminary  report  on  the  fishes  coUected  by  the  steamer  AJhaiross  on  the 
Pacific  coast  of  North  America  during  the  year  1889,  with  descriptions  of  twelve  new 
genera  and  ninety-two  new  species.  By  Charles  H.  Gilbert.  Proc.  U.  S.  Nat.  Mns., 
xiii,  pp.  49-126,  1890. 

A  supplementary  list  of  fishes  collected  at  the  Galapagos  Islands  and  Panama, 
with  descriptions  of  one  new  genus  and  three  new  species.  By  Charles  H.  Gilbert. 
Proc,  U.  S.  Nat.  Mus.,  xiii,  pp.  449-455,  1891. 

Descriptions  of  thirty-four  new  species  of  fishes  collected  in  1888  and  1889,  prin- 
cipally among  the  Santa  Barbara  Islands  and  in  the  Gulf  of  California.  By  Charles 
H.  Gilbert.    Proo.  U.  S.  Nat.  Mas.,  xui,  pp.  639-566,  1891. 
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sity,  Mitchell,  S.  Dak.;  Massachusetts  Agricultural  College,  Amherst, 
Mass.;  Nebraska  Institute  for  the  Deaf  and  Dumb,  Omaha,  Nebr.; 
St.  John^s  College,  Annapolis,  Md.;  Pennsylvania  State  College,  Centre 
County,  Pa.;  Brooklyn  Training  School,  Brooklyn,  !N".Y.;  Mount  Vernon 
Seminary,  Washington,  D.  C;  High  School,  Bridgton,  Me.;  Missouri 
Valley  College,  Marshall,  Mo.;  Columbia  College,  New  York,  N.  Y.; 
Louisiana  State  University  and  Agricultural  and  Mechanical  College, 
Baton  Rouge,  La.;  State  Normal  School,  Milwaukee,  Wis. ;  High  School, 
Springfield,  Mass.;  K.K.  Naturhistorisches  Hof-Museum,  Vienna,  Aus- 
tria; British  Museum,  London,  England. 

A  scheme  of  exhibits  to  illustrate  the  objects  and  work  of  this  divi- 
sion at  the  World's  Columbian  Exposition  at  Chicago  has  been  pre- 
pared in  accordance  with  the  directions  of  the  Commissioner.  It  is 
proposed  to  use  in  this  connection  actual  specimens  and  appliances 
where  they  will  serve  appropriately,  and  also  models,  relief  maps,  charts, 
and  drawings.  The  principal  subjects  to  be  represented  are  the  follow- 
ing: The  economic  features  of  the  fauna  and  flora  of  the  seacoasts  and 
ofthelake^  and  rivers,  including  the  embryology  and  life  history  of 
the  more  important  food-fishes ;  the  general  hydrography  of  the  Atlan- 
tic and  Pacific  coasts,  and  the  location,  configuration,  and  principal 
characteristics  of  the  oceanic  fishing-grounds ;  the  lake  and  r  i  ver  basin  s, 
and  the  distribution,  past  and  present,  of  fresh- water  fishes;  the  vessels 
and  apparatus  used  in  the  investigation  of  fish  ing-  grounds ;  laboratories 
for  the  study  of  aquatic  life  and  of  fishery  problems;  temperature,  and 
other  physical  conditions  and  variations  aflTecting  the  distribution  of 
fishery  products,  and  publications  bearing  upon  these  different  topics. 


REPORT  ON  THE  INQUIRY  REGARDING  THE  METHODS  AND 

STATISTICS  OF  THE  FISHERIES. 


By  Hugh  M.  Smith.  M.  D., 
Acting  Assistant  in  charge. 


INTRODUCTORT  NOTE. 

The  r©x)ort  on  the  work  of  this  division  for  the  fiscal  years  1890  and 
1891  is  herewith  respectfully  submitted.  Owing  to  the  fact  that  dur- 
ing this  time  the  affairs  of  the  office  were  under  the  immediate  direc- 
tion of  Capt.  J.  W.  Collins,  the  writer  labors  under  some  disadvan- 
tage in  preparing  a  fiill  and  satisfactory  account  of  the  ox)erations  of 
the  division.  The  special  reports  on  the  fisheries  now  in  course  of 
preparation  based  on  the  researches  of  this  division  will  clearly  disclose 
the  functions  of  the  office,  and  indicate  the  scope  of  the  work  and  the 
nature  of  the  inquiries  carried  on  during  the  period  specified.  It  is, 
therefore,  unnecessary  in  this  place  to  do  more  than  give  an  outline  of 
the  results  accomplished  and  to  mention  certain  other  matters  that  are 
not  covered  by  the  regular  rei)orts.  In  considering  the  operations  of 
the  division  the  various  topics  that  come  up  for  notice  may  be  discussed 
under  the  following  general  heads :  Abstract  of  the  field  investigations 
conducted  by  the  office;  summary  of  the  miscellaneous  affairs  of  the 
division;  analysis  of  the  reports  printed  during  the  two  years,  and 
record  of  certain  prominent  matters  affecting  the  commercial  fisheries. 

FIELD  INVESTiaATIONS. 

During  the  years  covered  by  this  report  the  entire  available  force  of 
the  division  was  placed  in  the  field  and  more  extensive  investigations 
were  carried  on  than  had  previously  been  undertaken  by  the  office. 
Complete  studies  were  made  covering  the  commercial  fisheries  of  fifteen 
coast  States,  and  special  inquiries  were  conducted  in  some  of  the  prin- 
cipal fishing  centers  and  regions  of  the  Atlantic  seaboard.  The  field 
work  may  be  referred  to  under  the  following  heads:  Pacific  coast. 
New  England  coast,  South  Atlantic  coast,  Gulf  coast,  Potomac  Eiver, 

Lower  Ghe8ai)eake  Bay,  and  minor  regions. 
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PACIFIC  COAST. 

The  investigation  of  the  fisheries  of  the  Pacific  coast  of  the  United 
States,  which  was  begun  November  15,  1888,  and  has  been  referred  to 
in  a  previous  report  of  the  division,  was  brought  to  a  close  on  Septem- 
ber 23, 1889,  and  Mr.  W.  A.  Wilcox,  who  had  been  conducting  the  can- 
vass, was  ordered  to  other  duty.  In  December,  1880,  Mr.  A.  B.  Alex- 
ander, fishery  expert  on  the  Fish  Commission  steamer  Albatrossj  which 
was  then  at  San  Francisco,  was  assigned  to  temporary  duty  in  this 
division  and  detailed  to  make  additional  inquiries  on  certain  fisheries 
for  the  calendar  year  1889  at  times  when  his  services  on  the  vessel  were 
not  required.  As  a  result  of  Mr.  Alexander's  work,  the  office  came 
into  possession  of  valuable  statistical  and  descriptive  information  on 
the  whale,  cod,  fur-seal,  market,  and  other  vessel  fisheries  of  the  west 
coast;  the  salmon-canning  industry  of  California,  Oregon,  Washington, 
and  Alaska,  and  the  wholesale  fish  trade  of  San  Francisco,  for  a  later 
year  than  could  be  obtained  by  Mr.  Wilcox. 

The  present  importance  of  the  fisheries  of  this  region,  and  the  aug- 
mented prominence  they  are  destined  to  attain  as  a  result  of  the  indus- 
trial growth  of  the  western  States  in  other  lines  of  business,  warranted 
the  very  detailed  investigation  undertaken  by  the  division  in  connec- 
tion with  the  careful  scientific  and  other  researches  carried  on  by  the 
Albatross  in  the  offshore  waters.  While  the  fisheries  of  the  Pacific 
coast  are,  as  a  whole,  less  extensive  than  those  prosecuted  on  the 
Atlantic  seaboard,  certain  branches  have  precedence  over  all  similar 
fisheries.  The  fui*-seal  and  salmon  fisheries  and  the  canning  industry, 
for  instance,  are  unsurpassed  in  other  regions,  and  San  Francisco  has 
recently  become  the  leading  center  of  the  whahng  industry,  owing  to 
the  transfer  of  vessels  from  the  Atlantic  to  the  Pacific,  occasioned  by 
the  relative  scarcity  of  whales  in  the  former  ocean.  Taken  in  the 
aggregate,  the  fisheries  were  i)robably  as  successftil  as  during  any  pre- 
vious period.  The  number  of  persons  ascertained  to  be  engaged  in  the 
industry  in  the  three  coast  States  was  13,850;  the  vessels,  boats,  appa- 
ratus, etc.,  employed  were  valued  at  $6,408,239;  and  the  first  value  of 
the  products  taken  was  $6,387,803.  Of  salmon,  the  most  important 
product,  48,806,913  pounds  were  secured,  for  which  the  fishermen  re- 
ceived $2,082,809.  The  salmon-canning  industry,  exclusive  of  Alaska, 
utilized  41,632,223  pounds,  which  were  made  into  622,037  cases  of 
canned  fish,  having  a  market  value  of  $3,703,838. 

The  inquiry  disclased  a  very  marked  advance  in  the  fisheries  as  com- 
pared with  1880,  when  Prof.  D.  S.  Jordan  and  Mr.  Charles  H.  Gilbert 
canvassed  the  fisheries  of  the  Pacific  States  in  behalf  of  the  Tenth 
Census.  Mr.  Wilcox's  investigation  showed  that  the  value  of  the 
ocean,  shore,  and  river  fisheries  of  the  region,  viz,  $6,387,803,  exceeded 
by  $2,111,300  the  results  of  the  fisheries  in  1880.  Esi>ecially  worthy 
of  mention  is  the  increase  in  the  whale  and  oyster  fisheries. 
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Up  to  the  time  of  this  investigation  definite  information  was  lacking 
as  to  the  results  which  had  attended  the  attempted  acclimatization  of 
shad  and  striped  bass  in  the  waters  of  the  Pacific  States,  although  it 
had  been  known  for  some  years  that  the  plants  had  been  successful  and 
that  more  or  less  mature  fish  had  been  taken  at  various  i)laces  on  the 
coast.  It  was  found  that  the  shad  have  become  distributed  along  the 
entire  coast  north  of  Monterey  Bay,  California,  and  occur  in  special 
abundance  in  the  Sacramento  Eiver.  Notwithstanding  the  fact  that 
the  fishermen  have  provided  themselves  with  no  apparatus  especially 
adapted  to  the  capture  of  shad,  101,071  pounds  were  taken  in  1888 
and  170,500  pounds  in  1889.  The  quantity  caught  affords  no  idea  of 
the  abundance  of  the  fish,  and  it  is  thought  that  the  use  of  suitable 
apparatus  will  demonstrate  the  existence  of  large  bodies  of  these 
fish  in  all  the  coast  waters  between  southern  California  and  Puget 
Sound.  The  striped  bass,  although  introduced  some  years  before  the 
shad,  are  apparently  less  abundant  and  less  widely  distributed  than 
the  latter.  They  are  chiefly  found  in  San  Francisco  Bay,  where  exam- 
ples weighing  as  much  as  40  pounds  have  been  taken,  although  the 
average  weight  is  only  8  or  10  pounds.  In  1888  only  about  1,000  pounds 
reached  the  San  Francisco  market,  but  in  1889  Mr.  Alexander  reported 
that  at  one  period  they  became  so  plentiful  that  the  price,  which  had  been 
tl  a  i)ound  in  1888,  fell  to  18  cents.  There  is  every  reason  to  believe  that 
in  a  short  time  this  species  will  take  a  prominent  place  among  the  com- 
mercial fishes  of  the  west  coast. 

NEW  ENGLAND  COAST. 

Early  in  the  fiscal  year  1890  the  entire  field  force  was  placed  in  the 
Sew  England  States  and  a  very  comprehensive  canvass  of  that  region 
was  inaugurated.  The  field  inquiries  in  Maine  were  made  by  Messrs. 
H.  M.  Smith,  W.  H.  Abbott,  Ansley  Hall,  and  C.  H.  Stevenson ;  in 
New  Hampshire  by  Mr.  Stevenson;  in  Massachusetts  by  Messrs.  W.  A. 
Wilcox,  W.  H.  Abbott,  E.  E.  Race,  C.  H.  Stevenson,  and  Ansley  Hall; 
in  Bhode  Island  by  Mr.  Hall,  and  in  Connecticut  by  Mr.  Stevenson. 
At  Boston  and  Gloucester,  respectively,  the  local  agents  of  the  office, 
Mr.  F.  F.  Dimick  and  Capt.  S.  J.  Martin,  aided  in  the  work,  and  in  the 
vicinity  of  Gloucester  Mr.  E.  F.  Locke,  of  the  Division  of  Fish-Culture, 
rendered  efficient  service  at  times  when  his  regular  duties  did  not 
require  his  attention.  Ko  investigation  of  the  entire  fishing  industry 
of  this  region  had  been  undertaken  since  1879-80.  It  was  well  known 
that  marked  changes  had  occurred  in  the  methods,  extent,  and  charac- 
ter of  certain  fisheries  in  the  various  States;  and  in  view  of  the  general 
prominence  of  the  New  England  fisheries  and  the  important  interna- 
tional questions  arising  in  connection  therewith,  it  was  deemed  advisa- 
ble to  have  full  and  accurate  data  thereon. 

The  inquiry  placed  the  office  in  possession  of  complete  statistical  and 
other  information  concerning  the  ocean,  shore,  and  river  ftshm^^  iot 
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the  years  1887, 1888,  and  1889.  Special  studies  were  also  madeof  snch 
important  branches  as  the  sardine  industry,  the  smoked  herring  indus- 
try, the  lobster  canning  industry,  the  canning  of  clams  and  other  prod- 
ucts, the  menhaden  industry,  the  oyster-packing  industry,  the  prepara- 
tion of  clam  bait,  and  the  frozen-herring  trade.  In  connection  with  this 
investigation  a  careful  study  was  conducted  in  Boston  and  Gloucester, 
with  a  view  to  ascertain  the  extent  of  the  wholesale  trades  in  fresh  fish, 
salt  fish,  smoked  fish,  lobsters,  oysters,  and  other  fishery  products, 
which  constitute  such  a  prominent  feature  of  the  industrial  life  of  those 
cities.  The  manufacture  of  glue,  isinglass,  and  fish  fertilizer,  the  trade 
in  ice  and  salt  consumed  in  the  fisheries,  the  making  of  boxes  for  the 
packing  of  fish,  the  preparation  of  boneless  fish,  and  various  other 
phases  of  the  fishing  industry  were  also  considered.  Several  spe<;ial 
papers  based  on  these  inquiries,  now  in  course  of  preparation,  and  a 
detailed  report  on  the  entire  subject  which  will  soon  be  issued,  preclude 
the  necessity  for  more  than  a  general  reference  at  this  time  to  the  results 
of  the  canvass. 

The  following  summary  gives  the  extent  and  condition  of  the  fislieries 
in  1889  as  determined  by  the  inquiry :  The  number  of  persons  engaged 
in  the  fisheries  of  the  region  was  30,536,  of  whom  15,122  were  vessel  fish- 
ermen, 12,295  shore  fishermen,  and  9,119  shoresmen.  Of  the  1,542  ves- 
sels employed,  1,440  were  actually  used  in  fishing,  and  102  were  engaged 
in  the  transportation  of  fishery  products;  the  tonnage  of  the  fleet  was 
79,738.49,  and  the  value  of  the  vessels  and  their  outfits  was  $6,382,006. 
The  fleet  consisted  of  1,206  schooners,  171  sloops,  88  steamers,  38  barks, 
30  cat- rigged  vessels,  5  ships,  and  4  brigs.  The  boats  used  in  the  shore 
fisheries  numbered  11,561,  and  had  a  value  of  $657,010.  The  apparatus 
fished  consisted  of  1,178  pound  nets,  trap  nets,  and  weirs,  540  seines, 
9,591  gill  nets,  280  bag  nets,  965  fyke  nets,  and  175,458  pots,  which, 
together  with  other  miscellaneous  apparatus,  had  a  value  of  $1,681,575. 
The  shore  and  accessory  i)roperty  devoted  to  the  fisheries  was  valued 
at  $5,850,979,  and  the  cash  capit^il  required  to  maintain  the  industry 
was  $5,523,224.  The  aggregate  investment  was  $20,094,794.  The 
products  taken  weighed  653,170,040  pounds,  for  which  the  fishermen 
received  $10,550,641.  The  gross  return  on  the  investment  was,  there- 
fore, about  50  per  cent.  The  most  important  single  species  is  the  cod, 
of  which  97,145,645  i)ounds,  valued  at  $2,549,757,  were  markets.  The 
fish  taken  in  largest  quantities  is  the  menhaden,  the  catch  of  which 
was  173,632,210  pounds,  equivalent  to  about  300,000,000  fish,  but  the 
value  of  this  enormous  yield  was  only  $428,228.  After  the  cod,  in  point 
of  value,  come  oysters,  worth  $1,393,284;  lobsters,  worth  $833,736; 
whale  products,  worth  $828,463;  haddock,  worth  $738,732;  mackerel 
worth  $731,424;  and  halibut,  worth  $725,756. 

The  New  England  fisheries  have  always  been  more  important  than 
those  of  any  other  section  of  the  United  States,  and  tlie  inquiry  shows 
that  this  precedence  is  still  maintained,  notwithstanding  a  very  serious 
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decline  in  some  of  the"  most  extensive  fisheries  and  the  diversion  of 
many  large  fishing  vessels  to  the  Pacific  States.    Compared  with  1880, 
in  1889  there  were  607  less  persons  engaged  in  the  fisheries;  there 
were  445  fewer  vessels  and  3,226  fewer  boats  employed,  and  a  corre- 
sponding decrease  in  the  value  of  vessels,  boats,  and  apparatus,  but 
o^ng  to  a  large  increase  in  the  amonnt  of  shore,  accessory,  and  cash 
projjerty  the  total  investment  was  $101,837  more  than  in  1880.    The 
value  of  the  general  food-fish  fisheries  was  about  $1,850,000  less  in  1889 ; 
the  oyster,  clam,  and  scallop  fisheries  were  $965,000  greater;  the  lob- 
ster fishery  was  $310,000  more  valuable;  the  menhaden  iishery  exceeded 
by  $30,000  the  results  in  3880;  and  the  whale  fishery  declined  in  value 
$1,400,000.    A  net  decrease  in  the  value  of  the  fishing  industry  amount- 
ing to  $1,950,000  is  disclosed,  a  sum  that  would  be  easily  overcome  by 
the  return  of  mackerel  to  our  shores  in  their  former  abundance. 

SOUTH  ATLANTIC   COAST. 

The  field  work  in  this  region  occupied  parts  of  two  years.  On  Jan- 
uary 14, 1890,  Mr.  W.  de  C.  Eavenel,  field  superintendent  in  the  Divi- 
sion of  Fish-Culture,  who  had  been  assigned  to  temporary  duty  in  the 
Division  of  Fisheries,  was  detailed  to  make  a  study  of  the  methods  and 
statistics  of  the  fisheries  of  the  South  Atlantic  States.  Mr.  Eavenel 
had  conducted  a  similar  inquiry  in  this  section  during  the  previous 
year,  and  bis  familiarity  with  the  fisheries  made  his  services  of  special 
value  to  the  office.  The  canvass  was  begun  in  Florida  and  had  ex- 
tended to  a  point  on  Albemarle  Sound,  North  Carolina,  when,  on  April 
1, 1890,  it  became  necessary  to  detach  Mr.  Eavenel  from  this  work  in 
order  to  resume  his  regular  duties. 

Owing  to  various  exigencies,  the  canvass  which  was  brought  almost 
to  a  close  by  Mr.  Eavenel  could  not  be  completed  at  that  time,  and 
it  was  not  until  the  following  year  that  it  became  feasible  to  do  ad- 
ditional work  in  the  South  Atlantic  region.  Immediately  after  the 
completion  of  the  inquiry  in  the  Gulf  States,  to  which  reference  will 
be  made,  the  force  there  engaged  was  transferred  to  this  section  and 
disjwsed  at  proper  intervals  along  the  coast.  Mr.  Eavenel  had  again 
been  assigned  to  this  duty,  andpwhile  the  investigation  in  the  Gulf  was 
in  progress,  had  begun  his  canvass  and  had  gotten  the  work  well  ad- 
vanced by  the  time  the  regular  agents  were  available  to  assist  in  the 
inquiry.  He  visited  the  fisheries  of  eastern  Florida,  Georgia,  and  the 
greater  part  of  South  Carolina  before  being  obliged  to  suspend  on 
account  of  other  duties.  Mr.  Stevenson  took  up  Mr.  Eavenel's  inquiry 
at  Georgetown,  S.  C,  finished  that  State  and  visited  a  part  of  North 
Carolina,  Messrs.  Hall  and  Race  covering  the  remaining  part  of  the 
State.    The  work  was  broughtto  a  close  about  the  middle  of  June,  1891. 

This  inquiry  was  addressed  to  every  phase  of  the  fishing  industry  and 
may  be  regarded  as  a  complete  canvass  of  all  the  commercial  fishing 
interests,  including  those  of  the  rivers  draining  into  the  Atlautk  Oc^^ii* 
H.  Mis.  113 2S 
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The  only  exception  to  this  statement  was  the*  hunting  of  alligators  in 
the  interior  waters  of  Florida,  the  small  force  available  and  the  time  re- 
quired personally  to  visit  these  regions,  remote  and  difficult  of  access, 
precluding  the  possibility  of  undertaking  the  work  at  this  time.  Consid- 
erable valuable  information  on  the  alligator  industry  of  the  St.  Johns 
River  and  the  coast  sections  was,  however,  obtained  in  connection  with 
the  regular  fishery  canvass,  and^  together  with  data  relating  to  the  west- 
ern part  of  the  Stat«,  will  enable  the  office  to  possess  a  satisfactory 
knowledge  of  the  present  condition  of  the  business. 

The  fisheries  of  this  region  are  less  valuable  than  those  of  any  other 
coast  section;  the  natural  advantages,  however,  are  extensive,  and  the 
I)ossibilities  for  development  are  considerable,  especially  in  the  oyster 
and  offshore  line  fisheries.  Up  to  a  comparatively  recent  date  the  South 
Atlantic  States  took  precedence  over  the  Gulf  States,  but  the  marked 
advances  in  the  latter  easily  overcame  the  comparatively  slight  differ- 
ence between  the  two  regions  in  the  absence  of  a  correspondingly  large 
increase  in  the  South  Atlantic  States.  Special  fisheries  of  this  section 
are  nevertheless  of  great  extent,  and  the  industry  as  a  whole  has  un- 
dergone a  very  important  increase  since  1880. 

In  1890, 16,001  i)ersons  were  engaged  in  the  South  Atlantic  fisheries, 
$1,688,286  was  invested  in  the  industry,  and  $1,573,704  accrued  from 
the  sale  of  products,  of  which  sum  $482,403  represented  shad,  §254,141 
oysters,  $166,106  alewives,  and  $133,635  mullet.  During  tjie  years 
covered  by  the  field  inquiries  the  fisheries  of  this  region  were,  as  a 
whole,  more  successful  and  extensive  than  at  any  previous  time.  Espe- 
cially worthy  of  mention  was  the  flourishing  condition  of  the  shad, 
alewife,  striped  bass,  black  bass,  and  other  fresh- water  fisheries,  and 
of  the  oyster,  squeteague,  mullet,  and  other  salt-water  fisheries.  The 
only  important  branches  which  have  declined  are  the  shrimi^  and  stur- 
geon fisheries.  More  than  half  the  proceeds  of  the  fisheries  represents 
fresh-water  products.  The  fresh-water  fisheries  of  North  Carolina  and 
Florida  are  more  imx)ortant  than  those  prosecuted  in  salt  water.  The 
relative  extent  of  the  river  and  other  fresh  water  fisheries  of  the  region 
is  probably  greater  than  in  any  other  coast  section,  and  constitutes 
one  of  the  principal  features  of  the  industry ;  in  1890  the  salt-water 
products  had  a  value  of  $740,539,  and  the  fresh-water  were  worth 
$833,165. 

The  oyster  fishery  and  the  question  of  oyster  cultivation  have  of 
late  years  received  more  attention  in  these  States  than  at  any  previous 
time.  Careful  surveys  of  the  coast  waters  with  reference  to  oyster- 
culture  have  been  made  in  the  three  northern  States  of  the  tier,  and 
the  legislatures  have  shown  their  appreciation  of  the  importance  of  the 
subject  by  enacting  modern  laws  intended  to  promote  and  protect  the 
oyster  industry.  Large  areas  of  oyster  land  have  been  taken  up  for 
private  planting  i^urposes,  new  capital  has  been  brought  into  the  States, 
and  a  very  decided  impetus  has  been  given  to  the  oyster  fishery. 
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Factories  designed  for  the  canniug  and  packing  of  oysters  have  been 
established  in  every  State,  and  have  always  resulted  in  an  increased 
oatpaty  owing  to  the  convenient  market  and  ready  sale  afforded  the 
fishermen. 

The  following  table  will  convey  a  clear  idea  of  the  large  advance  that 
has  taken  place  in  the  oyster  fishery  of  each  State  since  1880 : 

Statement  of  the  yield  of  oysters  in  ike  South  Atlantic  States  in  1880,  1887 ,  1888,  1889: 

and  1890. 


Year. 

North  Carolina. 

South  Carolina. 

Georgia. 

riorida. 

Total. 

Bnahels. 

Valae. 

Bushels.  Valne. 

Bushels. 

Value. 

Bushels. 

20,000 
48,250 
57,750 
62,356 
97,350 

Value. 

Bushels. 

Value.  1 

,  1880 

1887 

1888 

1889 

189U 

170,000 

212,980 

204,703 

1,001,620 

807.260 

160,000 

48,353 

46.129 

194,272 

175, 567 

50,000 
37, 725 
40,242 
4^\  620 
63,150 

^,000 
18,581 
19, 146 
19,890 
23,204 

70,000 
110,086 
120,600 
16:^,200 
224, 357 

$35,000 
20, 05U 
29, 370 
26.684 

40, 520 

$5,000 
9,950 
12,950 
11, 123 
14. 850 

310, 000 

409,041 

423,295 

1, 270,  796 

1, 192, 117 

$120,000  :, 
103,8:J4  ' 
107, 595 
251,960 
254,  ]41 

GULF   COAST. 

For  a  nnmber  of  years  the  investigation  of  the  fisheries  of  the  States 
bordering  on  the  Gnlf  of  Mexico  had  been  contemplated,  but  the  in- 
quiry was  deferred  from  time  to  time  owing  to  the  small  force  available 
and  the  more  urgent  need  of  studies  in  other  coast  regions.  By  the 
Ist  of  January,  1891,  however,  the  opportunity  for  inaugurating  this 
work  seemed  favorable,  and  accordingly  four  agents,  Messrs.  W.  H. 
Abbott,  Ansley  Hall,  E.  E.  Eace,  and  C.  H.  Stevenson,  were  detailed 
to  examine  and  report  on  the  fisheries  and  related  industries  of  this 
region.  The  fisheries  of  no  other  section  of  the  United  States  had 
received  less  attention  and  very  little  information  was  at  hand  bearing 
on  their  present  condition,  extent,  and  resources.  The  results  of  the 
inquiry  were  therefore  awaited  with  interest.  Three  months  were  con- 
sumed in  work,  during  which  time  the  agents  canvassed  the  entire 
coastal  region  from  Key  West  to  the  Eio  Grande. 

The  reports  of  the  agents  show  that  in  1890,  the  last  year  covered 
by  the  investigation,  11,752  persons  were  employed  in  the  fisheries  of 
the  Gulf  States;  the  capital  invested  amounted  to  $2,978,292,  and  the 
value  of  the  catch  was  $2,438,675.  Comparing  these  figures  with  the 
retoms  from  the  New  England,  Middle  Atlantic,  and  Pacific  States, 
the  fisheries  of  this  region  are  much  less  extensive.  It  is  not  in  their 
present  condition,  however,  that  their  importance  chiefly  consists,  but 
rather  in  their  recent  phenomenal  growth  and  the  possibilities  for  still 
greater  development.  The  fishery  resources  of  the  Gulf  States  are 
very  extensive.  Few  sections  of  the  country  are  better  supplied  with 
desirable  marine  food  and  economic  products,  including  fish,  reptiles, 
mollnsks,  crustaceans,  and  sponges.  The  utilization  of  tliese  has  as 
yet  been  incomplete,  but  the  past  growth  of  the  industry  and  the  pres- 
ent attention  it  is  receiving  will  doubtless  greatly  advance  the  fishing 
interests  in  the  near  future. 
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The  prominent  features  of  the  fisheries,  as  disclosed  by  the  inquiry, 
may  be  chiefly  mentioned,  as  follows :  The  large  foreign  element  en- 
gaged in  the  industry,  amounting  to  about  25  per  cent,  the  aliens  being 
most  numerous  in  Louisiana,  where  they  constitute  one-third  of  the 
fishing  population;  the  predominance  of  seines  as  a  means  of  capture, 
gill  nets  and  lines  being  important  only  in  Florida,  and  pound  nets, 
trap  nets,  and  fyke  nets,  which  are  so  extensively  used  in  some  other 
regions,  not  being  used;  the  presence  of  a  large  fleet  of  lug-rigged 
vessels  in  Louisiana,  a  type  which  is  peculiar  to  the  Gulf  region ;  the 
recent  establishment  of  numerous  factories  for  utilizing  raw  products 
of  the  fisheries,  especially  oysters,  turtles,  and  shrimps;  the  extent  of 
the  oyster  fishery  (which  is  the  most  important  and  yielded  $796,062), 
the  sponge  fishery  (the  output  of  which  had  a  value  of  $438,692),  the 
mullet  fishery  (valued  at  $238,528),  the  snapper  fishery  (which  brought 
the  fishermen  $134,716),  the  squet^ague  fishery  (which  yielded  $122,570), 
and  the  shrimp  fishery  (worth  $108,811). 

The  only  previous  examination  of  the  fisheries  of  these  States  ad- 
dressed to  complete  statistical  information  was  undertaken  in  1880  by 
Mr.  Silas  Stearns  in  connection  with  the  work  of  the  U.  S.  Fish  Com- 
mission in  behalf  of  the  Tenth  Census.  Although  other  inquiries  have 
since  been  made  by  this  Commission  covering  various  phases  of  the 
fisheries,  the  report  of  Mr.  Stearns  is  the  only  one  that  essays  to  be 
complete  or  affords  an  opportunity  for  comparing  the  past  and  present 
conditions  of  the  industry.  Since  1880,  the  fisheries  of  the  Gulf  States 
have  undergone  an  important  advance  in  nearly  every  feature.  The 
increase  in  the  number  of  fishermen  amounted  to  6,621,  or  129  per  cent; 
the  increase  in  investment  was  $2,432,708,  or  446  per  cent,  and  the 
increase  in  the  value  of  the  catch  was  $1,211,131,  or  99  per  cent.  The 
fisheries  of  Mississippi  have  grown  at  an  unprecedentedly  rapid  rate, 
the  proportional  increase  in  the  three  foregoing  particulars  being  825 
per  cent,  4,840  per  cent,  and  990  per  cent,  respectively.  The  importance 
of  the  oyster  in  this  region  is  made  manifest  by  the  statement  that 
nearly  half  of  the  aggregate  increase  during  the  past  decade,  viz, 
$564,862,  represented  that  moUusk,  and  that  in  every  State  the  output 
of  this  product  has  been  conspicuously  augmented,  a  condition  due  in 
no  small  degree  to  the  establishment  of  canning  and  packing  houses. 

POTOMAC   RIVER. 

In  May  and  June,  1891,  a  canvass  of  the  fisheries  of  the  Potomac 
Eiver  and  its  tributaries  was  made  by  Mr.  W.  A.  Wilcox.  At  the  time 
of  the  inquiry  the  most  important  fish  were  being  caught  and  a  favor- 
able opportunity  was  thus  afforded  to  meet  the  fishermen  and  inspect 
the  means  and  methods  employed.  The  investigation  had  special  refer- 
ence to  the  condition  of  the  shad  fishery,  but  also  related  to  all  other 
branches.  Mr.  Wilcox  began  work  at  the  mouth  of  the  river  and 
continued  bis  inquiries  as  far  as  the  Little  Fa.lls,  3  miles  above  Wash- 
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ington.  He  was  assisted  by  Mr.  Charles  E.  Itigersoll,  of  this  division. 
The  fishermen  of  the  river  evinced  a  deep  interest  in  the  work,  and 
extended  to  the  agents  all  possible  assistance.  The  investigation  was 
also  ftirther  facilitated  by  Mr.  S.  G.  Worth,  in  charge  of  the  shad- 
batching  station  of  the  Oommission  at  Fort  Washington,  Md.,  who 
greatly  aided  Mr.  Wilcox  in  that  part  of  the  river. 

The  Potomac  is  one  of  the  most  important  rivers  of  the  country 
viewed  from  the  standpoint  of  the  commercial  fisheries,  and  in  the 
extent  and  value  of  its  shad  fisheries  it  is  surpassed  only  by  the  St. 
Johns,  Hudson,  and  Delaware  rivers.  The  shad  fisheries  of  the  river 
have  a  special  interest  to  this  office  because  of  their  early  importance, 
their  serious  decline  and  threatened  extermination  in  recent  years, 
and  their  restoration  as  a  result  of  the  artificial  propagation  carried 
on  by  the  U.  8.  Fish  Commission.  Through  the  courtesy  of  the  health 
department  of  the  District  of  Columbia,  this  Commission  has,  for  many 
years,  obtained  a  statement  of  the  number  of  shad  landed  at  Washing- 
ton audother  places  from  the  Potomac  fisheries,  which,  with  other  infor- 
mation on  the  subject  received  from  the  same  and  other  sources,  has 
famished  from  year  to  year  a  fairly  satisfactory  know^ledge  of  the  abun- 
dance of  shad;  but  no  systematic  canvass  of  the  fisheries  had  been 
made  since  1880  and  there  was  but  little  authentic  information  available 
regarding  the  lower  course  of  the  river.  The  actual  extent  of  the  other 
fisheries  was  unknown  for  a  later  year  than  1880. 

The  canvass  showed  that  in  1890  3,576  persons  were  directly  engaged 
in  the  fisheries  of  this  region,  of  whom  295  were  employed  in  the  vessel 
fisheries  and  3,281  in  the  shore  and  boat  fisheries. 

Thirty-two  vessels  engaged  in  dredging  oysters  during  the  season  of 
1889-90,  and  33  other  vessels  found  employment  in  running  to  mar- 
ket the  oysters  and  fish  caught  in  the  shore  fisheries ;  the  aggregate 
tonnage  of  the  vessels  was  1,118.78,  and  the  value  of  these  and  their 
outfit  was  $58,652.  Besides  those  carried  by  the  vessels,  1,472  boats 
were  used  in  the  river,  having  a  value  of  J75,526.  The  apparatus  of 
capture  consisted  of  261  gill  nets,  376  pound  nets,  32  seines,  903  fyke 
and  other  minor  nets,  122  dredges,  1,289  tongs  and  rakes,  the  whole 
having  a  value  of  $112,053.  The  total  investment  in  the  fisheries  of 
the  river,  including  shore  property  worth  $48,560,  was  $294,091. 

The  most  important  single  product  of  the  fisheries  of  this  river  is 
the  oyster,  which  represents  about  half  the  proceeds  from  the  fisheries. 
During  the  season  terminating  in  the  spring  of  1890,  594,629  bushels 
of  oysters  were  taken  by  fishermen  living  on  the  river,  and  large 
additional  quantities  of  which  no  separate  record  could  be  obtained 
were  secured  by  vessels  belonging  in  various  ports  on  Chesapeake  Bay^ 
In  the  following  season  498,641  bushels  w^ere  marketed.  The  value  of 
the  oyster  yield  was  $256,782  the  first  season  and  $273,039  the  next. 
Notwithstanding  the  diminished  output  in  the  latter  year,  amounting 
to  95,988  bashels,  the  market  value  of  the  catch  was  $16,'251  hvot^^ 
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owing  chiefly  to  a  higher  average  price  per  bushel  and  a  comparative 
scarcity  of  oysters  in  Baltimore,  to  which  place  a  large  part  of  the  out- 
put goes.  The  decrea.sed  yield  in  1890-91  was  principally  due  to  the 
destruction  of  beds  in  tbe  upper  part  of  the  oyster  region  by  the  exten- 
sion of  the  fresh  water  conse(|uent  upon  freshets. 

Next  to  the  oyster  in  value  is  the  shad,  of  which  2,571,002  pounds, 
equivalent  to  731,453  fish,  were  taken  in  1890,  for  which  the  fishermen 
received  $75,935.  The  following  year  the  aggregate  catch  was  2,356,759 
pounds,  or  021,977  fish,  the  value  of  which  to  the  fishermen  was  969,160. 
In  1891  there  was  a  considerable  diminution  in  the  abundance  of  the 
fish  in  the  upper  part  of  the  Potomac,  although  the  fishing  at  the  mouth 
of  the  river  was  regarded  as  very  good.  In  both  these  years,  however, 
the  catch  was  much  less  than  in  1889,  which  was  one  of  the  best  sea- 
sons during  the  past  decade,  868,900  fish,  valued  at  $85,378,  being 
taken.  This  presents  a  striking  contrast  with  the  condition  of  the 
shad  fishery  before  the  effects  of  artificial  propagation  began  to  be 
manifested.  The  present  Commissioner  of  Fisheries,  writing  in  1880 
concerning  this  river,  stated :  • 

TLo  fislieries  of  this  river  aunnaUy  decreased  in  value  and  prodaction  up  to  the 
time  of  tbe  war.  The  iutermission  which  then  ciisuod  in  the  lishing  operations  on 
account  of  those  of  a  martial  character  allowed  the  fisheries  to  recuperate,  bo  that 
in  the  years  immediately  succeeding  the  war  it  was  found  that  they  had  in  a  meas- 
ure recovered  from  their  former  depletion.  In  1878  the  minimum  of  production  was 
attained,  during  which  li'ss  than  200,000  [about  186,000]  shad  were  taken  in  the 
entire  river.  In  1879  the  results  of  previous  artificial  propagation  first  manifested 
themselves,  and  there  was  a  considerable  increase  in  the  rnn  of  shad,  from  which 
time  the  shad  fisheries  steadily  increased  until,  in  the  season  of  1880,  nearly  600,000 
[582,872]  were  taken. 

The  alewives  rank  next  to  shad  in  importance,  and  during  some  sea- 
sons, 1891  for  instance,  they  have  had  a  greater  value  than  shad.  The 
output  is  now  considerably  larger  than  in  1880,  the  bulk  of  the  catch 
being  taken  with  pound  nets.  In  1890,  7,508,416  pounds,  worth  $67,481, 
were  obtained,  and,  in  1891. 7,330,635  pounds  were  secured,  which  yielded 
the  fishermen  $71 ,402. 

The  decrease  in  the  run  of  sturgeon  is  a  noteworthy  feature  of  the 
fisheries;  288,000  pounds  were  taken  in  1880,  since  which  time  the  catch 
has  gradually  dwindled  until  only  60,920  pounds  were  caught  in  1890, 
and  45,710  pounds  in  1891,  notwithstanding  the  greater  demand  in  recent 
years  as  shown  by  the  higher  prices  received.  The  striped  bass  is  an 
important  fish  in  the  Potomac,  ranking  next  to  alewives  in  total  value 
and  commanding  a  better  price  than  any  other  species;  333,304  pounds 
were  secured  in  1890,  the  market  vahie  of  which  was  $26,487.  Among 
the  other  fishes  taken  in  the  river  the  following  are  the  most  important, 
and  in  1890  yiehled  the  amounts  stated :  Bluefish,  $4,843 ;  catfish,  $7,555; 

•  The  River  Fisheries  of  the  Atlantic  States.  By  MarshaU  McDonald.  <The  Fieh- 
eries  and  Fishery  Industries  of  the  United  States,  sec.  v,  vol.  i. 


REPORT  OF  COMMISSIONER  OF  FISH  AND  FISHERIES.      183 

perch,  $6,512 ;  and  squeteague,  $6,722.  Terrapin  and  frogs,  of  the  value 
of  J2,999;  crabs,  worth  $14,760,  and  crayfish,  valued  at  $637,  complete 
the  list  of  products. 

The  aggregate  value  of  the  Potomac  fisheries  in  1890  was  $485,523, 
of  which  sum  the  fresh- water  and  anadromous  fishes  represented 
♦202,082,  and  the  salt-water  products,  $283,441.  Ko  separate  figures 
for  the  salt-water  fisheries  are  available  for  comparison,  but  in  1880  the 
fresh-water  fisheries  had  a  value  of  $165,503. 

Perhaps  the  most  important  feature  of  the  present  condition  of  the 
fisheries  is  the  large  number  of  pound  nets  employed.  In  early  times 
haul  seines  were  the  only  kinds  of  apparatus  used  in  the  shad  and  alewife 
fishery.  About  fifty- five  years  ago  gill  nets  were  introduced  and  gradu- 
ally displaced  the  seines.  Pound  nets  w  ere  first  set  in  the  river  about 
1875,  and  have  in  turn  supplanted  the  gill  nets  to  a  considerable  extent, 
and  are  now  exerting  an  important  influence  on  the  fisheries;  330  of 
these  nets  were  operated  in  1889,  376  in  1800,  and  411  in  1891.  They 
are  particularly  numerous  near  the  mouth  of  the  river,  and  it  is  thought 
that  the  diminished  catch  of  shad  in  the  upper  I'otomac  which  has 
been  observed  in  recent  years  has  been  partly  due  to  the  multiplication 
of  these  nets  in  the  lower  waters.  The  ultimate  ettect  of  the  taking  of 
larger  and  larger  quantities  of  sluid  and  other  fish  before  they  have 
reached  the  spawning-grounds  can  not  fail  to  be  harmful,  and  if  the 
fisheries  are  to  be  maintiiined  somerestricti.ms  will2)r()bably  soon  have 
to  be  placed  on  the  number,  nature,  and  location  of  the  nets  used,  or 
artificial  propagation  will  have  to  be  conducted  on  an  increasingly  exten- 
sive scale.  The  greater  prominence  which  the  x>ound  net  is  attain- 
ing in  the  shad  and  alewife  fisheries  is  shown  in  the  following  table; 
notwithstanding  that  the  aggregate  catch  of  both  of  these  gradually 
declined  from  1889  to  1891,  the  yield  in  the  pound  nets  advanced  each 
year,  and  the  percentage  of  increase  was  marked,  while  the  output  of 
both  the  seines  and  gill  nets  decreased  actually  and  relatively. 

Statement  of  the  aggregate  and  proportional  catch  of  shad  and  alewires  in  each  form  of 

apparatus  in  the  Fotomao  River  in  1889 ^  1890 ,  and  1891. 


Species  and 
year. 

Pound  not8. 

Gill  nets. 

Seines. 

Total. 

Nnmber  of 
lish. 

Percent. 

Number  of 
fish. 

Per  cent. 

Number  of 
fish. 

186.  546 
148,  816 
103,  053 

PcriHmt. 

21.47 
20.  35 
16.57 

Number  of 
fi.sh. 

Per  cent. 

100.00 
100.  00 

loo.  00 

Shad: 

1889 

1890 

1891 

Total.. 

Ale  wives  : 

1889 

1890 

1891 

Total.. 

219,679 
233,794 
251.760 

25.28 
31. 96 

40.48 

462. 675 
348, 843 
267,164 

53.  25 

47.09 
42.05 

48.  54 

5.82 
6.  80 
4.91 

868,  900 
731, 453 
021,977 

705,233 

31.73 

59. 62 
59.67 
69.89 

1,078.082 

438,415 

6,011,048 
6, 282,  6<;3 
4. 616, 978 

19.73 

31.56 
33.47 
25.  20 

2.  222, 330 

17,  395, 108 
18.771,041 

18,  326.  590 

KM),  00 

100.  00 
100  00 
IIH).  00 

10,371.620 
11,200,878 
12,809,362 

1.012.500 

1, 287,  500 

900. 250 

34. 381, 860 

63.09 

3, 200, 250 

5.87 

16,910,089         31.04 

54, 492, 799       100.  00 

I 
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LOWER  CHESAPEAKE  BAY. 

The  fisheries  of  the  Lower  Chesapeake,  especially  those  tributary  to 
Norfolk,  Old  Point  Comfort,  and  Cape  Charles,  were  the  subject  of 
an  inquiry  conducted  by  the  writer  in  December,  1890,  and  January, 
1891.  Special  attention  was  given  to  the  condition  and  methods  of  the 
oyster  fishery,  the  oyster  shucking  and  canning  trades,  and  the  oyster- 
plantiiig  industry  in  Norfolk  and  vicinity,  and  to  the  pound-net  fishery 
and  oyster  trade  at  Cape  Charles.  This  region,  viewed  fro(p  a  fishery 
standpoint,  is  one  of  the  most  important  in  the  United  States;  it  main- 
tains the  most  extensive  oyster  and  seine  fisheries  and  the  largest  fish 
and  oyster  trades  in  Virginia,  and  the  gill  net,  j)ound-net,  and  other 
fisheries  are  of  considerable  value.  The  oyster  vessel  fishery  centering 
at  Norfolk  and  the  oyster-packing  industry  of  the  i^lace  rank  next  to 
those  of  Baltimore  in  importance.  As  it  is  not  intended  to  publish 
a  si)ecial  report  embodying  the  results  of  this  inquiry,  a  somewhat 
detailed  reference  to  the  more  important  features  of  the  fishing  industry 
may  appropriately  be  made  in  this  place. 

Next  to  Baltimore,  Norfolk  receives  more  oysters  than  any  other 
southern  city.  It  is  the  headquarters  of  a  large  part  of  the  extensiv-e 
fleets  belonging  in  Norfolk,  Yorktown,  Cherrystone,  and  other  customs 
districts,  and  in  the  course  of  a  season  probably  between  600  and  800 
vessels  land  more  or  less  of  their  catch  there.  The  boat  fisheries  carried 
on  from  the  city  are  also  ini])ortant.  The  lai;ge  area  of  oyster-ground 
included  in  Hampt<jn  Roads  and  the  James,  Nansemond,  Elizabeth, 
Lynn  Haven,  and  other  rivers,  is  in  great  part  tributary  to  Norfolk. 
Numerous  other  sections  on  the  western  shore  of  the  Chesapeake  also 
contribute  their  quota  to  the  oyster  trade  of  the  city,  notably  the  Back, 
York,  Piankatank,  and  Rappahannock  rivers  j  and  even  parts  of  the 
bay  and  ocean  shores  of  the  eastern  peninsula  depend  on  Norfolk  for  a 
market. 

The  James  River  is  perhaps  the  most  imx)ortant  oyster-ground  in  the 
lower  Chesapeake.  For  about  20  miles  above  its  mouth  there  are 
large  natural  beds  or  '^  rocks,''  which  have  been  seriously  depleted  in 
recent  years.  It  is  said  that  the  beds  would  have  been  productive 
for  a  much  longer  period  had  the  oystermen  been  obliged  to  return  to 
the  water  the  small  unmarketable  oysters  taken  with  the  large  stock. 
Instead  of  culling  the  catch  on  the  grounds,  as  should  be  required  by 
law,  this  was,  and  is,  deferred  until  the  shore  is  reached,  and  hundreds 
of  thousands  of  bushels  of  young  oysters  have  thus  been  sa<irificed, 
although  of  late  the  i)ractice  of  making  private  beds  with  the  smaller 
oysters  has  been  gaining  favor,  and  is  to  be  commended.  At  the  pres- 
ent time  it  is  said  that  in  every  25  bushels  of  oysters  tsiken  from  the 
natural  beds,  20  bushels  are  unmarketable.  Fortunately  the  grounds 
in  this  river  replenish  from  the  spat  with  phenomenal  rapidity,  other- 
wise they  must  long  ago  have  become  practically  barren  of  oysters. 
Owing  t<)  fB,yora\A^  conditions,  the  supply  in  1890  was  very  abundant, 


fifiPORf  Of  dOMmSSIOK&a  OS*  PISI!  AlfD  t'lSHBilUfig.     185 

some  oystermen  affirniing  that  not  Bince  the  war  had  there  been  a  more 
plentiful  natural  growth  of  oysters,  although  it  was  generally  acknowl- 
edged that  the  quality  was  much  i)aorer  than  usual. 

One  of  the  most  noted  natural  oyster-grounds  in  this  region  was 

Hampton  Bar,  located  on  the  left  side  of  the  James  Eiver  at  its  mouth, 

extending  parallel  with  the  course  of  the  stream  and  covering  an  area 

of  aboat  3,000  acres.    According  to  Col.  W.  N.  Armstrong,  who  is  now 

extensively  engaged  in  oyster-planting  on  the  bar,  as  early  as  1883  the 

natural  beds  had  been  so  exhausted  that  the  entire  yield  of  the  tongera 

from  Old  Point  Comfort  to  Newport  ]!^ews  did  not  amount  to  10  barrels 

a  clay,  and  the  tongers  who  reside  in  Hampton  were  in  the  habit  of 

^^Bsorting  to  other  natural  beds  in  the  James  River  20  or  30  miles  dis- 

^nt.    Since  that  time  laws  have  been  enacted  securing  the  rights  of 

Planters,  and  extensive  planting  has  been  done  on  the  bar;  about  700 

<>r  800  acres  are  now  under  cultivation,  on  which  the  plantings  are 

^bout  600  bushels  per  acre,  and  as  many  as  800  barrels  of  oysters  have 

^^en  shipped  from  these  grounds  to  the  general  markets  in  a  single 

^^ay. 

With  the  exhaustion  of  the  natural  beds,  more  attention  is  being 
'^^^stowed  on  artificial  methods  of  maintaining  the  supply  than  ever 
^^fore,  and  it  is  being  generally  recognized  that  the  oyster  industry  in 
^lie  near  future  must  depend  for  its  maintenance  on  planted  beds. 

A  number  of  fishermen  in  this  section  were  met  with  who  use  the 

^o-caUed  deep-water  oyster  tongs,  a  rei)ort  concerning  which  has  been 

X^repared  by  this  office.    The  depth  of  water  in  which  it  is  commonly 

Xased  is  from  30  to  50  feet;  oysters  in  this  depth  are  far  beyond  the 

^each  of  ordinary  tongs,  and  as  the  employment  of  dredges  is  restricted 

in  this  region  the  new  apparatus  is  being  advantageously  operated. 

On  the  planted  beds  and  in  shoal- water  fishing  the  old  type  of  tongs 

^11  continue  to  be  used.    The  only  objection  made  to  the  new  pattern 

is  that  on  rough  bottom  it  fails  to  work  well,  and  even  when  oysters 

are  abundant  only  small  hauls  can  be  made.    In  the  Back  River  and  a 

few  other  localities  the  deep-water  tongs  are  successfully  employed  in 

taking  clams  (Venus  mercenaria)  in  water  5  or  6  fathoms  in  depth. 

A  large  percentage  of  the  oysters  landed  in  Norfolk  goes  through  the 
packing  and  canning  houses  before  reaching  the  consumer.  This  busi- 
ness is  of  large  proportions  and  constitutes  one  of  the  principal  indus- 
trial enterprises  of  the  city.  The  fall  aiid  winter  of  1890  was  regarded 
by  the  packers  as  the  best  season  in  at  least  five  years.  All  of  them 
handled  larger  quantities  of  oysters  than  for  some  years,  and  the  prices 
received  for  the  prepared  oysters  were  very  satisfactory.  Larger  ship- 
mentj}  to  the  western  States  and  the  interior  formed  a  noticeable  feature 
of  the  season's  trade.  It  is  generally  held  that  the  chief  factor  in  bring- 
ing about  this  condition  of  affairs  was  the  comparative  scarcity  and 
high  price  of  oysters  in  the  Baltimore  market.  Numbers  of  the  Mary- 
land dredging  vessels  transferred  their  operations  to  North  Carolina 
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waters,  and  some  of  the  Baltimore  packers  established  houses  in  that 
State.  The  new  Maryland  "cull  law,"  requiring  the  return  to  the  water 
of  all  oysters  less  than  2  J  inches  in  length,  materially  reduced  the  out- 
put and  was  the  principal  cause  of  the  scarcity  of  oysters  for  sliucking 
purposes. 

The  oyster-packing  industry  of  Norfolk  and  the  sMljacent  city  of 
Portsmouth  had  the  following  extent  in  the  calendar  year  1890.  The 
season  of  1890-91  was  not  over  at  the  time  of  the  inquiry,  and  no  statis- 
tics for  that  time  could  be  obtained;  it  is  known,  however  that  the 
business  was  considerably  larger  than  is  shown  by  the  figures. 


Nnmbor  of  firms * !  24 

tools,  ete 


Number  of  em^>loy68 1,605 

Value  of  buildings,  machinory,  tools,  etc $308, 125 


Cashcapitiil $94,800 

liusbelB  of  oyHters  bought !    1, 897, 871 

Coat  of  same i  $1,04:J,829 

Cost  of  oiK'uing  aufl  packin;]: '      $317,  060 


GulloD8  of  shucketf  oyaterH  sold 

Valuo  rccoived ' .  - . 

GroflH  profits  of  the  trade 


1.385,307 
$1,454,572 
$93,683 


During  the  year  1890  the  average  price  paid  by  the  packers  for  the  oys- 
ters utilized  was  between  50  and  60  cents  a  bushel.  The  shucked  oysters 
had  an  average  value  of  $1.05  a  gallon,  the  latter  measure  representing 
about  If  bushels. 

While  at  Norfolk,  the  methods  of  oyster-culture  pursutKl  in  Lynn 
Haven  Kiver  were  studied,  and  a  knowledge  was  acquired  of  the  con- 
ditions to  which  the  celebrated  oysters  there  reared  are  subject.  Lynn 
Haven  Eiver  empties  into  the  Chesapeake  Bay  about  5  miles  from 
Cape  Henry  and  12  miles  in  an  air  line  from  Norfolk.  The  river  has 
two  main  arms  and  extends  inland  for  about  5  miles.  On  the  east  it  is 
connected  by  an  exceedingly  long  and  narrow  thoroughfare  with  Broad 
Bay,  which,  in  turn,  joins  Linkhorn  Bay.  Owing  to  the  very  slight 
rise  of  tide  which  occurs  in  these  bays,  they  can  not  be  utilized  for 
planting  purposes,  as  the  oysters  will  not  fatten  and  thrive  under  such 
conditions,  and  they  siinx)ly  serve  as  natural  seed  beds.  The  river  has 
long  been  the  scene  of  oyster-taising,  and  of  late  has  come  into  i)romi- 
nent  notice  on  account  of  the  fine  grade  of  oysters  that  have  been 
shipped  from  this  place,  known  to  the  trade  as  "  Lynn  Haven  Bays," 
or  "  Lynn  Havens,"  which  deservedly  rank  among  the  finest  stock  now 
placed  on  the  market.  As  early  as  seventy-five  years  ago  oysters  were 
planted  in  the  river,  and  the  business  may  be  considered  to  have  been 
permanently  established  fifty  years  ago,  since  which  time  it  has  grad. 
ually  increased  in  extent  and  importance. 

The  fresh-water  streams  emptying  into  the  Lynn  Haven  River  are 
of  small  size  and  do  not  carry  a  sufficient  volume  of  w^ater  to  affei't, 
except  in  a  minor  degree,  the  salinity  of  the  river,  which  is  said  to  be 
almost  as  pronounced  as  that  of  the  adjoining  waters  of  the  Chesapeake 
Bay.    Conditions  exist  apparently  favorable  to  the  development  of 
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ttiiiiute  vegetable  organisms — desmids  and  diatoms — ^upon  which  oysters 

are  now  known  chiefly  to  subsist,  and  the  abundance  of  such  food  no 

doubt  accounts  for  the  rapid  growth  and  characteristic  flavor  which 

dintinguish  these  particular  molhisks.    There  have  been  years  when 

ail  apparent  excess  of  vegetable  food  has  imparted  a  green  coloration 

to  tbe  gills  of  the  oysters,  a  feature  which  from  time  to  time  has  at- 

^i"acted  much  attention  in  oyster  circles  throughout  the  country,  and 

"^^hich  lias  been  shown  to  be  due  to  the  absorption  of  the  coloring  mat- 

t^^r  of  ingested  algae.    The  winter  of  1888-89  wsis  one  of  the  seasons  in 

'^'hich  the  Lynn  Haven  oysters  became  thus  afiected. 

The  oyster  beds  or  *^  coves  ^  in  this  river  are  in  part  leased  from  the 

State  and  in  part  owned  by  private  individuals.    The  holdings  vary 

in  extent  from  2  to  40  acres  or  more.     Semi-professional  fishermen 

^i.snally  have  from  2  to  6  acres,  while  the  regular  planters  lease  or  own 

30,  40,  or  more  acres.    It  is  interesting  to  observe  that  much  of  the 

Oyster  land  in  the  vicinity  of  Church  Point,  one  of  the  most  favorable 

locations,  has  been  only  comparatively  recently  submerged.    Some  of 

the  ground  is  the  part  of  an  old  graveyard,  and  even  now  by  wading 

^  man  may  feel  the  submerged  tombstones.    Nearly  all  persons  living 

on  the  shores  of  the  river  and  its  multitudinous  cloves  are  more  or  less 

interested  in  oyster-culture.    In  round  numbers  there  are  100  regular 

planters  and  asmany  more  irregular  or  semi-professional,  not  including 

the  persons  employed  in  tonging,  packing,  carting,  etc. 

The  entire  output  of  the  river  consists  of  oysters  that  have  been 
artificially  reared,  tbere  being  no  natural  beds.  Originally  most  of  the 
seed  oysters  in  Lynn  Haven  Eiver  were  brought  from  Broad  and  Link- 
horn  bays,  and  even  at  the  present  time  a  part  of  the  yearly  supply, 
amounting  to  4,000  or  5,000  bushels,  comes  from  those  sources,  but  a 
considerable  quantity  is  also  obtained  from  the  James  Eiver  and  the 
Chesapeake.  To  a  small  extent  the  planters  depend  on  spat  obtained 
from  their  own  grounds,  some  '^  coves  "  being  apparently  better  adapted 
than  others  for  producing  native  seed.  Tbe  practicability  of  sowing 
shells  for  the  attachment  of  the  spat  is  fully  understood  by  those  planters 
who  depend  for  their  supply  to  some  extent  on  spawning  oysters  on 
tbeir  own  beds,  and  this  method  is  followed  whenever  it  is  desired  to 
collect  spat.  The  seed  oysters  placed  in  the  river  are  usually  one  year 
old,  and  are  allowed  to  remain  down  about  three  years.  Oysters  raised 
from  the  spat  are  taken  up  for  market  when  four  years  old.  Some  oys- 
ters, destined  for  Bx>ecial  trade,  are  left  down  five  or  six  years,  and  retich 
the  exceptionally  large  size  for  which  the  "  Lynn  Ha^^ens  "  are  noted. 
In  recent  years  the  ruling  price  for  Lynn  Haven  oysters  at  first  hands 
has  been  about  $2.50  per  bushel,  regardless  of  size.  Small  quantities  of 
specially  large  oysters  often  bring  $3  or  $3.50  per  bushel.  In  1887  26,000 
bushels  of  oysters  were  reported  to  be  on  the  beds  in  the  Lynn  Haven 
Biver,  of  which  9,500  bushels  were  taken  up  and  sold,  yielding  $23,750. 
The  following  year  there  were  42,000  bushels  on  the  grounds,  «Aid  o^ 
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these  7,800  bttshels  were  marketed  for  $10,500.  In  1890  tbe  ontput  was 
larger  than  for  some  years,  amounting  to  11,153  bushels,  valued  at 
$26,100. 

The  principal  fishing  in  the  vicinity  of  Cape  Charles  City  is  with 
X>ound  nets.  Owing  to  the  ample  facilities  for  shipment  by  both  rail 
and  water,  to  the  favorable  character  of  the  shore,  to  the  proximity  of 
the  ocean,  and  to  the  general  abundance  of  fish,  this  is  x>erhaps  the 
finest  region  for  pound-net  fishing  in  the  Chesapeake  Bay  as  regards 
marine  species,  the  run  of  Spanish  mackerel,  bluefish,  and  sqneteague 
being  particularly  large;  but  on  account  of  the  absence  of  fresh- water 
streams  of  any  volume  the  catch  of  shad,  alewives,and  other  anadrom- 
ous  fishes  is  very  small  as  comi)ared  with  localities  on  the  opposite 
side  of  the  bay.  In  1889  17  pound  nets  were  operated  along  this  shore 
between  Hunger  Creek  and  the  mouth  of  the  bay,  and  in  1890  16  nets 
were  set.  The  fishery  in  1889  yielded  934,835  pounds  of  fish,  for  which 
the  fishermen  received  $16,155,  and  in  1890  1,169,033  pounds,  with  a 
first  value  of  $15,988.  Some  interesting  notes  (based  on  the  results 
of  the  fishery)  were  obtained  on  the  abundance  and  movements  of  cer- 
tain species  in  those  years.  Among  other  commercial  fishes  occurring 
on  this  shore,  and  taken  in  the  pound  nets,  the  following  may  be  briefly 
referred  to;  the  common  names  in  use  in  the  region  are  given  in  quota- 
tiou: 

Scomberomoms  maculatus.    "Spanish  mackerel";  "  Bay  mackerel," 

This  is  the  most  important  fish  taken,  and  the  average  catch  per  net 
is  probably  larger  than  at  any  other  locality  on  the  Atlantic  coast.  The 
fish  reach  this  shore  late  in  May  or  early  in  June,  and  are  usually  in  a 
spawning  condition  when  they  arrive.  The  first  run  consists  of  larger 
fish  than  those  which  come  in  July  and  are  most  abundant  through  the 
summer.  In  fall  there  appears  to  be  another  run  of  large  fish.  The 
average  weight  of  the  fish  caught  is  1^  pounds,  but  examples  weighing 
as  much  as  6  pounds  are  not  rare,  and,  on  the  other  hand,  large  quan- 
tities of  very  small  fish  are  often  secured.  The  run  in  1889  and  1890 
was  considered  quite  large,  although  less  than  10  years  ago.  The  most 
noticeable  feature  of  the  fishery  in  1890  was  the  occurrence  in  the  fall  of 
enormous  quantities  of  very  small  fish;  they  weighed  a  quarter  of  a 
pound  or  less  and  200  were  required  to  fill  a  bushel  measure.  Old  fish- 
ermen reported  that  never  in  their  experience  had  there  been  so  many 
"  tinkers  "  as  in  August  and  September,  1890.  Two  pound  nets  of  Mr. 
C.  F.  Wilkins,  near  Hunger  Creek,  are  said  to  take  more  Spanish  mack- 
erel than  any  others  in  the  bay;  they  have  been  set  from  the  same  shore 
lor  many  years,  and  are  of  sjiecial  interest  because  the  first  experiments 
in  the  artificial  hatching  of  Spanish  mackerel  were  made  with  eggs 
obtained  from  fish  canght  in  these  nets. 

The  following  table,  showing  the  daily  catch  of  these  jwunds  in  1889 
and  1890  will  be  of  interest  as  indicating  the  times  of  arrival  and  depart 
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ore  of  the  fish  iu  this  locality  and  the  fluctuations  in  abundance;  the 
tipres  do  not  include  the  small  mackerel  referred  to,  of  which  no  account 
was  taken.  As* such  detailed  and  accurate  Information  is  not  often 
obtaiDable,  it  probably  warrants  the  fall  presentation  given  it. 

Daily  pound-net  catch  of  Spanish  mackerel  near  Hunger  Creek,  Northampton  County,  Va, 


Month 

Namber 

caught. 

and  day. 

1889. 

1800. 

May  24 

2 

26 

2 

27 

2 

29 

7 

30 

1 

31 

2 

Total. 

16 

Jane    2 

10 

4 

4 

3 

5 

15 

11 

6 

13 

179 

7 

135 

8 

8 

-    0 

6 

10 

iii 

21 

11 

59 

15 

12 

93 

13 

13 

53 

14 

15 

3 

15 

122 

16 

30 

17 

281 

1 

18 

221 

6 

19 

85 

170 

20 

11 

381 

21 

2 

91 

23 

746 

24 

191 

50 

25 

195 

66 

26 

316 

115 

27 

541 

124 

28 

635 

98 

29 

858 

30 

•••••••• 

18 

Total. 

3,329 

2,292 

1 

1 

Number 

caught. 

;    Month 
and  day. 

Month 
uid  day. 

1889. 

1890. 

July    1 

916 

42 

Aug.    9 

2 

1,154 

238 

10 

3 

1,336 

1,012 

12 

4 

899 

623 

13 

5 

1,800 

814 

14 

6 

475 

15 

7 

506 

16 

8 

535 

55 

17 

9 

241 

682 

18 

10 

84 

19 

11 

37 

275 

20 

12 

284 

75 

21 

13 

76 

22 

14 

sis 

23 

15 

42 

600 

24 

16 

1,080 

1,300 

25 

17 

344 

505 

26 

18 

190 

1,979 

28 

19 

2,400 

250 

29 

20 

1,474 

30 

21 

ii9 

31 

22 

925 

5 

Total. 

23 

257 

...... ..  1 

24 

815 

1 

Sept.    1 

25 

137 

45 

2 

26 

1,380 

163 

3 

27 

225 

4 

28 

107 

5 

29 

2,135 

1,684 

6 

30 

621 

369 

7 

31 
Total. 
Aug.    1 

186 

2,715 

8 

9 

10 

11 

13 

20,048 

13,882 

254 

286 

2 

895 

192 

15 

3 

544 

16 

5 

262 

575 

17 

6 

72 

1,120 

Total. 

7 
8 

137 
157 

132 

80 

Grand 
toUl.. 

Number  caught. 


1889. 


79 
274 
877 

67 

198 

1,038 

164 

301 


166 
146 
96 
121 
146 
227 


143 
22 

"12 
30 


1890. 


69 


310 


57 

187 

2 


1,050 
100 
220 
169 
(*) 
(*) 
(*) 
62 


13 
9 


6, 428       4.  633 


646 


69 
66 
60 
96 
95 


1,012 


30,817 


12 
1 


9 
14 


18 
49 
3 
2 
8 
5 
1 
9 

131 


20,954 


*  On  these  days  a  storm  was  raging  and  no  fish  were  caught. 

Another  lot  of  pounds,  consisting  of  4  nets  in  1889  and  3  nets  in  1890, 
situated  nearer  the  ocean  than  the  foregoing,  took  the  following  num- 
ber of  mackerel: 

Monthly  pound-net  catch  of  Spanish  mackerel  near  Cape  Charles  City,  Va. 


Month. 


May 

Jnne 

July 

August . . . 
Seinember 


Total 


Number  of   fish 
caught. 


1889. 


3,  378 

15, 304 

8,655 

250 

22,587 


1890. 


58 

3, 132 

3,223 

3, 459 

10.723 

20,395 


"^^S-i^BiiW 
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The  aggregate  yield  of  Spanish  mackerel  on  this  shore  was  151,934 
pounds  in  1889  and  124,640  pounds  in  1890,  valued  at  $10,783  and 
$6,799,  respectively.  The  fish  are  sold  by  the  piece,  at  the  uniform  price 
of  8.}  cents  each.  The  fishermen  explain  that  the  somewhat  smaller 
yield  in  1890  was  not  due  to  a  scarcity  of  fish,  but  to  conditions  of 
weather  and  temperature  which  kept  the  fish  oflFshore  or  beyond  the 
reach  of  the  nets. 

Pomatomus  saltatriz.    ^'Bluefieh." 

Next  to  the  Spanish  mackerel  the  bluefish  is  the  most  valuable  spe- 
cies taken  in  the  pound  nets.  July  and  August  are  the  months  during 
which  the  largest  runs  occur;  the  catch  then  is  always  greater  than  in 
May,  June,  September,  and  October.  The  fish  was  as  abundant  at  Cape 
Charles  in  1890  as  it  was  ever  known  to  be,  but  as  the  schools  kept 
well  offshore  for  the  most  part,  the  catch  was  not  commensurate  with 
the  abundance.  The  following  statement,  based  on  the  catch  in  nets 
for  which  detailed  figures  are  available,  shows  the  monthly  variations 
in  the  abundance  of  the  fish  in  the  inshore  waters: 

Monthly  pound-net  catch  of  bltiefish  in  the  vicinity  of  Cape  Charles,  Virginia, 


May 

Jano 

July 

Aiij^st 

September 
October 


Total 


Month. 


1889 
(6net«). 


Pound*. 

35 

6,680 

19,073 

13, 436 

1,773 


1890 
(5  nets). 


Pounds. 

2,214 

6,772 

13,567 

14,420 

8,190 

490 


40,997  i      45,653 


The  total  catch  of  bluefish  in  pound  nets  was  71,420  pounds,  valued  at 
$2,193,  in  1889,  and  112,703  pounds,  worth  $3,161,  in  1890.  The  yield  of 
most  of  the  nets  is  sold  on  the  grounds  at  the  uniform  rate  of  $2  a  bushel. 

Cynoscion  nebulosuin.     Spotted  squeteagne;    **  Trout";    ** Salmon  trout'*;   '^ White 
trout," 

The  spotted  squeteague  ranks  next  to  the  preceding  species  in  com- 
mercial value.  It  occurs  from  April  to  October,  inclusive,  although  it 
is  taken  in  small  quantities  early  and  late  in  the  season,  as  only  a  few 
and  often  no  pound  nets  are  then  in  operation.  The  fish  is  most  com- 
mon in  July  and  August,  during  which  months  more  than  half  of  the 
catch  is  made.  The  fish  was  four  times  more  abundant  in  1890  than  in 
the  previous  year,  although  it  is  usually  not  subject  to  variations  so 
marked  as  this.  The  aggregate  catch  in  the  pound  nets  of  this  section 
was  62,610  pounds  in  1889  and  262,110  pounds  in  1890,  for  which  the 
fishermen  received  $672  and  $2,251,  respectively.  Ne^irly  all  the  fish 
are  sold  locally  by  the  bushel,  at  prices  rfinging  from  50  cents  to  $1, 
according  to  the  demand.    The  average  weight  of  the  fish  is  one-half 
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pound.    The  monthly  fliictuatious  in  abundance  are  sliown  in  the  fol- 
lowing table,  representing  the  catch  of  a  part  of  the  nets : 


Montkln pound-nst  catch  of  ftpotted  sqiteteague  in  the  vicinity  of  Cape  Charles,   Virginia, 


April 

May 

Jane 

July 

August 

Septumlier. 
October — 


Total 


Moiitli. 


1889 
(6  nets). 


Pounds. 


5,010 
7,636 
7,438 
3,343 
280 


23,  707 


1890 
(5  nets). 


Pounda. 

70 

8,138 

10,406 

29,540 

25, 078 

8,488 

4,69G 


86,410 


Cynoscion  regale.     VTeaJcfieh;  *' Gray  trout," 

Unlike  its  congener,  the  spotted  squeteague,  the  weakfish  is  found 
on  this  shore  only  early  in  the  season,  being  very  rarely  taken  after 
July.  It  would  seem  that  coincident  ^vith  the  beginning  of  the  largest 
catch  of  bluefish,  there  is  a  cessation  in  the  run  of  weakfish.  The  fish 
have  an  average  weight  of  IJ  pounds,  and,  like  bluefish,  are  mostly 
sold  at  $2  a  bushel,  which  is  equivalent  to  about  3  cents  a  pound.  In 
1889  12,720  pounds  were  caught,  and  in  1890  19,800  pounds.  The 
monthly  yield  of  the  nets  for  which  detailed  figures  are  available  was 
as  follows : 


Monthly  pound-net  catch  of  weakfish  in  Northampton  County,  Va, 


Month. 


May 

June 

Jaly 

Total 


1889 
(6  nets). 


Pounda. 
1.313 
4,128 
1,738 


7,179 


1890 
(5  nets). 


Pounda. 
1,626 
5,482 
2,022 


0,130 


dacate  Canada.    Cohia;  **  Banito";  '^  Coalftah.'' 

Most  common  in  June,  aud  probably  more  numerous  on  the  eastern 
shore  of  Virginia  than  elsewhere  in  the  Chesapeake.  The  fish  taken 
weigh  about  20  pounds  on  an  average  and  sell  for  25  cents  each.  Next 
to  the  sturgeon  this  is  ^le  largest  food-fish  occurring  regularly  in  the 
bay;  it  reaches  a  weight  of  150  pounds. 

Traohjnotua  carolinus.    *'  Pompano  ";  *^  Sunfiah." 

Weighs  about  IJ  x)ound8  and  sells  at  12i  cents  each.  Occurs  spar- 
ingly between  May  and  September.  During  some  seasons  it  becomes 
very  abundant.  The  fish  doubtless  spawns  iu  the  Ohesapeake,  as  ripe 
fish  have  been  found  in  June, 


192      EEPORT  OF   COMMISSIONER   OP   PISH  AND   PISHERIE8. 
Caranz  hippos.     CrevalU;  **  TrevalU." 

Occurs  abundantly  in  the  lower  Chesapeake,  but  is  generally  so  small 
that  when  taken  it  is  not  utilized;  it  weighs  less  than  half  a  pound. 
It  seems  to  enter  the  bay  for  the  purpose  of  spawning,  which  takes  place 
in  midsummer. 

RoccuB  lineatOB.    Striped  hoBS ;  *^Rock" 

This  valuable  food-fish  occurs  regularly  on  this  shore  in  March,  April, 
and  May,  but  is  much  less  numerous  than  formerly.  In  1890  the  entire 
pound-net  catch  was  only  15,512  pounds,  valued  at  $566.  Dr.  JohnT. 
Wilkins  states  that  this  species  was  formerly  very  abundant  in  the 
lower  bay,  where  it  was  taken  by  seine  fishermen  of  the  eastern  shore 
and  sent  to  Norfolk  by  the  vessel  load,  selling  for  25  to  50  cents  a 
bushel.  The  yield  was  enormous;  hauls  of  200  to  400  bushels  were 
often  made,  and  an  average  catch  for  a  100-fathom  seine  was  40  bushels 
to  each  haul,  from  the  last  of  March  to  the  middle  of  May.  About 
1855  the  fish  began  to  decrease,  and  have  continued  more  or  less  scarce 
to  the  present  time.  Three  sizes  of  fish  are  taken  on  this  coast,  to 
which  the  fishermen  have  applied  different  names.  The  smallest  ones, 
called  little  rock,  weigh  1  or  2  pounds;  the  next  size,  called  chub  rock, 
average  10  pounds  in  weight;  the  largest,  or  bass  rock,  range  from  20 
to  60  pounds,  averaging  about  35  pounds.  The  run  of  the  little  rock 
precedes  that  of  the  others;  it  begins  in  March,  and  is  soon  joined  by 
that  of  the  chub  rock,  the  two  sizes  being  found  till  about  May  15. 
About  May  10  the  bass  rock  appear  and  continue  running  until  June  1. 
Another  short  run  occurs  in  September  and  October,  but  few  fish  are 
then  taken. 

Chaetodipterus  faber.     *'Porgy**;  **  MoonJUh," 

Weighs  3J  to  4  i)ounds,  and  is  a  food-fish  of  some  value.  It  sells  at 
10  cents  each.  Arrives  in  schools  late  in  May,  and  is  most  numerous 
in  June  and  July,  when  most  of  the  fish  are  caught.  It  usually  remains 
in  the  bay  until  the  latter  i)art  of  September.  In  1889  six  nets  took 
1,164  of  these  fish,  1  being  caught  in  May,  891  in  June,  and  272  in 
July.  The  following  year  the  fish  were  comparatively  scarce,  and  only 
111  were  taken  in  the  same  nets.  It  is  more  abundant  on  the  eastern 
side  of  this  part  of  the  bay  than  on  the  western  shore,  where  the  salinity 
of  the  water  is  reduced  by  a  large  volume  of  fresh  water  brought  down 
by  the  rivers.  The  following  interesting  account  of  the  spawning  con- 
ditions, eggs,  etc.,  of  this  fish  in  this  part  of  the  Chesapeake  Bay  is 
from  an  unpublished  article  by  Mr.  E.  Edward  Earll: 

Porgies  seem  to  visit  Chesapeake  Bay  for  the  purpose  of  spawning.  When  they 
first  arrive  the  ovaries  and  spermaries  are  well  advanced,  and  soon  individuals  may 
be  found  with  the  eggs  and  milt  running  freely  from  them.  On  Juno  3  several 
females  were  seen  at  New  Point,  Va.,  with  e^gs  nearly  ripe,  while  ripe  males  were  very 
abundant.  .June  28  ripe  fish  of  both  sexes  were  found  at  Crisfield,  Md.,  and  eggs 
were  taken  from  several  females  and  impregnated,  after  which  they  were  confined 
io  floating  boxes  having  wire-clotU  bottoms,  which  k^kd  been  placed  in  tbe  water  of 
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the  harbor.  They  hatched  out  in  eighteen  hoors^  with  the  water  at  a  temperature 
ot  84^  F.  Other  lots  were  also  taken  and  snccessfnllj  hatched,  the  time  varying 
with  the  temperature;  with  the  water  at  78^  F.  it  required  twenty-four  hours. 

The  eggs  are  one  twenty-sixth  of  an  inch  in  diameter,  and  have  a  specific  gravity 

almost  exactly  the  same  as  that  of  salt  water;  when  there  is  no  motion  most  of  them 

remain  at  or  near  the  surface,  but  with  the  least  current  they  become  generally 

distributed  through  the  mass.    Each  eg^  hits  a  very  prominent  oil  globule,  which 

k^eps  it  in  a  proper  position  in  the  water. 

The  porgy  is  a  very  prolific  species,  a  good-sized  individual  probably  containing 
•a>l>out  a  million  of  eggs.  These  ripen  irregularly,  some  being  quite  green  and  imma- 
tdxe  after  the  first  have  been  deposited.  As  the  eggs  ripen  they  burst  the  membrane 
^li  at  holds  them  and  pass  down  the  channel  that  leads  to  the  vent;  they  are  thus 
t^luown  out  gradually,  or  at  intervals  of  a  few  days  at  most,  the  time  required  by  the 
ix&dividnal  for  spawning  being  not  less  than  six  weeks,  while  the  spawning  season 
for  the  species  must  extend  into  September.  The  species  e video tly  matures  when 
^ooug  or  are  of  slow  growth,  for  an  individual  weighing  only  half  a  pound  was  seen 
'^ith  the  spermaries  fully  developed  and  the  milt  running  freely. 

-AjTchosarguB  probatocephalus.    Sheepahead, 

Arrives  in  small  schools  early  in  May  and  remains  until  November. 

^lost  common  in  the  pound  nets  in  June.    Weighs  about  4  pounds  and 

sells  for  35  cents  each.    Much  less  numerous  than  it  was  a  few  years 

a,go,  when  a  single  net  took  more  than  the  aggregate  yield  in  1890. 

^When  pound  nets  were  first  introduced  it  is  said  that  large  catches 

^ere  often  made,  and  it  is  reported  that  during  one  day  in  September, 

1877,  a  single  net  on  this  shore  took  1,700  sheepshead,  which  were  sold 

in  Norfolk  for  $600. 

Clapea  sapidisaima.    Shad, 

Arrive  in  March  and  are  taken  until  June.  The  entire  catch  in  all 
the  pound  nets  is  usually  less  than  that  in  a  single  net  on  the  opposite 
side  of  the  bay,  being  12,700  pounds  in  1889.  In  1890,  however,  there 
was  a  larger  run,  and  44,872  pounds  were  obtained. 

Brevoortia  iTrannuB.    Menhaden;  **Aletvife  ";  **  Oldwife." 

A  small  pound  net  set  near  Cape  Charles  City  in  December,  1890, 
caught  small  numbers  of  menhaden.  The  fish  were  of  medium  size, 
aud,  while  not  abundant,  were  quite  constant  in  their  occurrence  at 
that  time.  Similar  evidence  has  recently  been  adduced  going  to  show 
that  the  fish  is  a  regular,  but  perhaps  not  abundant,  winter  inhabitant 
of  the  Chesapeake. 

Other  economic  fish  taken  in  the  pound  nets  are  alewives  (Oittpca 
(B9tivali^  Skud  C. pseudoharengus),  called  "herring";  sturgeon  (Acipen- 
ter  oxy^rhynchug  sturio)]  redfish  (^Sdcr/m  oce^Hafa),  called  "drum"  and 
"red  drum;"  sea  bass  {Centropristis striatm)^\oc2k\\Y  known  as  "black 
will"  and  "black  bass";  harvest  fish  {Stromateus  paru),  the  "butter- 
fish"  of  the  fishermen;  s]^t  {Leiostomua  xanthurus)',  flounders  (Para- 
liehthys  dentattM  and  other  species);  kingfish  (Menticirrhim  Sdxatilis)'^ 
albacore  (Albaoara  thynnus),  called  "  horse-mackerel,"  and  numerous 
other  salt-water  fishes  taken  irregularly  or  in  small  numbers, 
H.  Mis.  113 13 
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In  September,  1890^  Mr.  William  P.  Seal,  superintendent  of  aqoarii 
of  the  U.  S.  Fish  Gommission,  visited  this  region  for  the  purpose  o 
obtaining  a  collection  of  living  fishes.  Mr.  Barton  A.  Bean,  assistan 
curator  of  the  department  of  fishes  in  the  IT.  S.  National  Museum 
accompanied  the  party  and  has  published  a  list  *  of  the  fishes  ther> 
observed,  which  is  an  important  contribution  to  the  knowledge  of  tit 
fish  fauna  of  the  lower  Ghesapeake.  Sixty-nine  species  were  detectei 
during  a  visit  of  two  weeks  and  an  inquiry  made  earlier  in  the  seasoi 
would  doubtless  demonstrate  the  occurrence  of  a  great  many  additiona 
species. 

At  Gape  Gharles  an  in8i>ection  of  the  works  of  the  Internationa 
Oyster  Gompany  was  made,  and  an  opportunity  was  there  afforded  t 
witness  the  method  of  '^  wiring  ^  oysters  for  distant  shipment  in  th 
shell,  on  which  process  this  company  holds  letters  patent.  The  metho( 
originated  with  Mr.  A.  A.  Freeman,  the  present  manager  of  the  com 
pany,  and  was  first  employed  on  a  small  scale  in  Philadelphia.  In  188^ 
a  stock  company  was  formed  to  utilize  the  principle  and  the  plant  wa 
located  where  it  now  is.  The  <<  wiring"  is  a  simple  process,  consisting 
of  the  application  of  a  rather  stout  wire  tightly  around  the  valves  o 
the  oyster.  At  first  all  the  work  was  done  with  pliers  and  was  neces 
sarily  slow,  but  in  November,  1890,  special  machines  were  introduced 
by  means  of  which  one  man  has  been  known  to  wire  48  oysters  in  i 
minute,  but  the  average  is  much  less.  The  advantage  claimed  for  thii 
process  is  that  the  natural  juices  are  retained  and  the  deterioration  ii 
quality  which  ensues  upon  their  evaporation  is  prevented.  In  the  pro 
spectus  which  the  company  issues.  Prof.  John  A.  Uyder  is  quoted  w 
indorsmg  the  value  of  the  method  as  follows: 

I  have  examined  and  had  in  my  poesession  a  number  of  wired  oystersi  and  I  ''v 
satisfied  that  the  oyster  can  be  preserved  when  the  sheUs  are  thus  wired  for  a  con 
siderable  length  of  time.  I  have  carefuUy  examined  oysters  which  J  am  satisfies 
have  been  wired  for  sixty  days  and  I  find  that  their  vitality  is  folly  preserved  an< 
the  oyster  in  no  way  deteriorated  in  quality  or  flavor.  I  think  the  process  of  pre 
serving  oystevs  by  placing  a  wire  around  them  is  a  practically  useful  prooeas^  «n< 
in  my  opinion  would  lead  to  the  transportation  of  oysters  to  distant  points  as  ai 
article  of  commerce,  when  it  would  be  otherwise  impossible  to  transport  them  aUT< 
in  the  shell. 

*  Proceedings  of  U.  S.  National  Museum^  vol.  xiv,  p.  8S. 
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MINOR  FIELD  WORK. 

A  number  of  other  investigations,  some  of  a  more  or  less  local  nature. 
Were  undertaken  by  the  division,  among  which  the  following  may  be 
mentioned : 

The  canvass  of  the  fisheries  of  the  State  of  "New  York,  referred  to  in 
u  previous  report,  which  began  in  May,  1889,  occupied  the  next  fiscal 
year  until  August  24,  when  Mr.  Charles  H.  Stevenson,  the  field  agent 
^^ho  had  been  conducting  it,  was  transferred  to  work  in  the  New  Eng- 
land States.  This  inquiry  related  to  the  calendar  years  1887  and  1888, 
3nd  the  information  was  in  part  utilized  in  a  statistical  abstract  of  the 
€3oast  fisheries. 

In  March,  1891,  Mr.  W.  A.  Wilcox  made  an  examination  of  the  whole- 
sale fish  and  oyster  trades  of  Philadelphia.  Part  of  the  information 
obtained  was  utilized  in  a  report  on  the  statistics  of  the  fishery  iudus- 
tries,  and  part  will  be  available  for  incorporation  in  a  later  report  on 
the  fisheries  of  the  Middle  Atlantic  States,  the  investigation  of  which 
is  contemplated. 

Independently  of  the  extensive  investigation  of  the  entire  fishing 
industry  of  the  New  England  States,  to  which  reference  has  been  made, 
Mr.  F.  F.  Dimick,  the  local  agent  of  the  office  at  Boston,  Mass.,  has 
boarded  each  vessel  landing  fish  at  that  port  and  obtained  an  ac- 
count of  the  quantities  and  values  of  each  kind  of  fish  taken  and  the 
grounds  on  which  the  fishing  was  done,  together  with  other  information 
relating  to  the  number  and  nationality  of  the  crew,  value  of  vessel,  value 
of  outfit  and  apparatus,  etc.    As  Boston  is  the  center  of  the  fresh-fish 
fishery  of  New  England,  and  as  a  large  fleet  of  market  and  other  ves- 
sels belonging  not  only  at  Boston  but  at  many  other  fishing  ports  on 
the  New  England  coast  maJkes  its  headquarters  at  that  place,  the  re- 
turns thus  made  by  Mr.  Dimick  convey  a  very  good  idea  of  the  extent 
and  condition  of  the  vessel  fisheries  of  that  region  and  are  especially 
valuable  in  that  they  definitely  indicate  the  actual  and  relative  impor- 
tance of  tiie  various  fiishing-grounds  resorted  to  by  the  different  vessels 
engaging  in  the  different  fisheries.    Work  essentially  similar  to  that  in 
Boston  is  done  by  Capt.  S.  J.  Martin,  a  local  agent,  at  Gloucester, 
Mass.,  and   taken   in   conjunction  with  the   inquiry   made   by  Mr. 
Dimick  in  whole  or  in  part  covers  the  operations  of  nearly  seven-eighths 
of  the  offshore  fishing  vessels  of  New  England. 

In  June,  1891,  Mr.  Stevenson  visited  Wilmington,  Del.,  and  Newark, 
N.  J.,  to  obtain  certain  statistical  and  other  information  concerning  the 
porpoise  fisheries  on  the  North  Carolina  coast  south  of  Cape  Hatteras. 
These  are  controlled  by  oil  and  leather  companies  located  in  the  cities 
named,  and  the  data  desired  by  the  office  could  not  be  secured  at  the 
time  the  agent  visited  the  region  in  the  course  of  the  regular  investi- 
gation of  the  fisheries  of  North  Carolina  already  alluded  to. 
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BflSCEIiLANEOnS  AFFAIRS  OF  THE  DIVISION. 

Relations  with  th^  Census  Office. — ^With  a  view  to  secure  the  coopera- 
tion of  the  Fish  Commission  with  the  Census  Office  in  taking  a  census 
of  the  fisheries  and  the  subsequent  preparation  of  reports  thereou, 
as  was  done  in  the  census  of  1880,  the  Superintendent  of  Census,  Hon. 
Robert  P.  Porter,  in  July,  1889,  entered  into  communication  with  the 
Commissioner  of  Fish  and  Fisheries,  and  on  August  26, 1889,  appointed 
Capt.  J.  W.  Collins,  assistant  in  charge  of  the  Division  of  Fisheries,  a 
special  agent  in  charge  of  the  fishery  census.  On  December  18,  1889, 
Capt.  Collins  resigned  this  position,  other  official  duties  demanding  his 
entire  time.  Close  relations  between  the  two  bureaus  were  still  main- 
tained, however  J  and,  in  response  to  requests  from  the  Superintendent 
of  Census,  such  data  as  the  Fish  Commission  had  collected  were  placed 
at  the  disposal  of  the  Census  Office. 

Treasury  Circular j  "  Statistics  of  the  Fish^ries.^ — ^The  purposes  and 
provisions  of  this  circular  have  been  fully  discussed  in  previous  reports 
of  the  Commissioner  and  the  division.  Its  operation  began  in  Decem- 
ber, 1885,  and  continued  in  active  force  until  October,  1890.  During 
the  five  and  a  half  years  ending  June  30, 1891,  the  number  of  circulars 
received  was  23,177,  of  which  4,649  were  received  in  1889-90  and  2,266 
in  1890-91 ;  during  the  last  six  months  of  the  fiscal  year  1891  only  614 
circulars  were  forwarded  to  the  office.  The  circumstances  which  led  to 
the  discontinuance  of  the  circular  are  embraced  in  the  following  cor- 
respondence between  the  Fish  Commission  and  the  Treasury  Depart- 
ment: 

[The  Commissioner  of  Fish  and  Fisheries  to  the  Secretary  of  the  Treasury.] 

WASHmoTON,  D.  C,  August  18 y  1890. 

Sir:  Permit  me  to  caU  the  attention  of  your  Department  to  the  fact  that  in  certain 
easterns  districts  the  requirements  of  Troasury  Circular,  Statistics  of  the  Fisheries 
(No.  45,  Bnrean  of  Navii^ation,  series  of  1887),  are  apparently  being  overlooked  or 
disregarded,  to  the  detriment  of  the  work  of  this  oificc. 

I  have  the  honor  to  transmit  a  list  giving  the  names  of  the  customs  districts  that 
are  derelict,  together  with  such  brief  annotations  »s  are  thought  necessary  to  show 
your  Department  the  special  conditions  prevailing  in  each  case. 

It  should  be  stated  that  at  one  time  all  the  districts  in  question  were  complying 
with  the  circular;  but,  for  reasons  unknown  to  this  office,  they  have,  for  a  greater 
or  less  length  of  time,  ceased  regarding  it. 

I  have  to  request  that  you  will  kindly  have  this  matter  brought  to  the  attention 
of  the  collectors  of  the  districts  named,  to  the  end  that  rei)orts  omitted  in  the  past 
may  be  forwarded,  and  that  in  the  future  the  requirements  of  the  circular  may  be 
promptly  and  completely  carried  out. 

I  desire  to  improve  this  opportunity  to  convey  to  yon  an  expression  of  the  obliga- 
tion felt  by  the  Fish  Commission  for  the  assistance  given  by  your  Department  in 
the  matter  of  collecting  fishery  statistics.  I  have  pleasure  in  expressing  my  hearty 
appreciation  of  the  faithful  manner  in  which  the  work  has  generally  been  performed 
by  customs  officials,  and  it  only  needs  the  addition  of  the  few  links  in  the  chain,  which 
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I  have  indicated^  to  make  the  work  complete,  which  is  not  only  an  important  auxil- 
iary iu  our  statistical  inquiry,  but  has  the  additional  merit  of  being  inexpensive. 
Yours,  very  respectfnllyy 

M.  McDonald, 

CommisHoner, 

9 

[The  Secretary  of  the  Treasury  to  the  Commlssioiier  of  Fish  and  Fisheries.] 

Washington,  D.  C,  October  6,  1890. 

Sir:  Your  letter  of  the  18th  of  August  last,  relating  to  the  statistics  of  the 
fidieries,  was  brought  to  my  attention  on  my  return  recently  to  the  Department. 

It  appears  that  collectors  of  customs  in  certain  customs  districts  are  disinclined  to 
obtain  the  statistics  you  desire.  The  Department  understands  that  when  the  subject 
of  obtaining  statistics  through  the  offices  of  collectors  of  customs  was  first  considered 
theie  was  an  intention  of  obtaining  (^Congressional  action  in  regard  to  the  matter, 
and  that  the  work  to  be  performed  by  the  customs  officers  in  ascertaining  and  for- 
warding the  information  was  to  be  temporary  only.  Tlii?  was  in  the  year  1886.  It 
Qow  appears  from  your  communication  that  the  statistics  obtained  are  defective, 
owing  to  neglect  on  the  part  of  the  customs  officers,  and  it  has  boon  stated  to  the 
Department  that  statistics  somewhat  similar  are  being  gathered  by  the  Census 
Bureau. 

In  the  absence  of  any  special  appropriation  for  the  purpose,  or  authority  of  law,  it 
MeiQ^  to  me  inexpedient  to  attempt  further  to  collect  the  statistics  through  the 
officers  of  the  customs. 

The  supply  of  blanks  prepared  by  this  Department  is  exhausted. 
Respectfully,  yours, 

W.   WiNDOM, 

Secretary, 

Special  information  and  statistics  furnished, — ^The  division  is  called 
Upon  to  fumish  to  private  parties,  State  officials,  Congress,  and  the 
Executive  Departments  descriptive   and  tabular  matter  on  various 
Special  subjects  connected  with  the  fisheries,  which  in  the  course  of  a 
year  often  constitutes  a  prominent  feature  of  the  work.    While  much 
of  the  information  requested  is  already  available  and  is  readily  fur- 
nished, some  of  the  inquiries  occasion  protracted  research,  and  may 
occupy  the  attention  of  the  office  force  for  a  considerable  time.    An 
idea  of  the  nature  of  the  calls  made  on  the  division  may  be  gained 
from  the  following  partial  list  of  data  prepared  for  Government  and 
State  officials  in  the  years  1890  and  1891 : 

An  opinion  relative  to  the  effect  on  the  abundance  of  fish  in  this  country  of  tlie 
unrestricted  use  of  pound  nets,  traps,  purse  seines,  and  gill  nets. 

Statistical  and  descriptive  data  covering  the  sponge  fishery  of  Florida. 

Statistics  and  observations  regarding  the  salt-clam  bait  used  by  British  pro- 
vincial fishermen. 

Summary  statement  of  persons  employed  in  the  fisheries  of  Barnstable  County, 
Mass.,  in  1889. 

Detailed  table  giving  the  capital  invested  in  vessels,  boats,  apparatus,  etc.,  in 
Barnstable  County,  Mass.,  in  1889. 

Statement  of  the  quantities  and  values  of  each  fishery  product  taken  in  the  fish- 
eiiea  of  Barnstable  County,  Mass.,  in  1889. 
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Comparative  table  showing  the  extent  of  the  fisheries  of  Barnstable  Coontyi 
Mass.,  in  1880  and  1889. 

A  series  of  twelve  tables  showing  the  extent  of  the  fisheries  of  Florida. 

Comparative  statistics  of  the  oyster  fishery  of  Connecticut,  Maryland,  and  Vir- 
ginia, in  1880  and  1890,  with  a  synopsis  of  the  laws  in  force  and  a  discussion 
of  the  influence  of  the  States'  policy  on  the  increase  or  decrease  in  the 
industry. 

The  whale  fleet  of  the  United  States  in  1889  classified  by  rigs  of  vessels  and 
fishing-grounds. 

The  whale  fleet  of  the  United  States  in  1889  classified  by  hailing  ports  and 
fishing-grounds. 

Table  showing  by  hailing  ports  of  vessels  the  products  of  the  whale  fishery  of 
the  United  States  in  1889. 

Detailed  statements  for  the  year  1889  giving  the  operations  of  th«  San  Francisco 
whale  fleet  in  1889,  of  the  New  Bedford  fleet  rendezvousing  at  San  Francisco, 
of  the  New  Bedford  fleet  having  headquarters  at  that  place,  and  of  the  Bos- 
ton, Edgartown,  Provincetown,  Stonington,  and  New  London  fleets. 

Summary  of  the  receipts  of  whale  products  at  Boston,  from  1880  to  1889,  inclnsive. 

Summary  of  the  receipts  of  whale  products  at  Provincetown,  from  1883  to  1889, 
inclusive. 

Summary  from  1880  to  1889,  inclusive,  of  the  whaling  vessels  arriving  at  Edgar- 
town,  and  the  products  landed  by  them. 

Summary  from  1880  to  1889,  inclusive,  of  the  whaling  vessels  arriving  at  New 
Bedford,  and  the  products  landed  by  them. 

The  San  Francisco  fur-seal,  sea-otter,  and  walrus  fleets  in  1888. 

The  porpoise  industry  of  North  Carolina  in  1889-90. 

Three  tables  covering  the  fisheries  of  the  Chesapeake  Bay. 

A  series  of  six  tables  exhibiting  the  condition  of  the  oyster  fishery  and  oyst'er- 
packing  trade  of  Virginia. 

Three  tables  giving  the  extent  of  the  coast  and  river  fisheries  of  Maine  in  1887 
and  1888. 

A  detailed  table  showing  by  townships  the  condition  of  the  lobster  fishery  of 
Maine  in  1887, 1888,  and  1889. 

A  statement  by  counties  of  the  extent  of  the  lobster-canning  industry  of  Maine 
in  1887, 1888,  and  1889. 

When  requests  for  information  of  the  foregoing  nature  come  from 
private  individuals,  an  effort  is  always  made  to  comply  therewith,  pro- 
vided the  desired  data  can  be  prepared  without  serious  detriment  to 
the  regular  work  of  the  division.  Demands  have  occasionally  been 
refused,  because,  in  order  to  fill  them,  days  of  research  by  many  clerks 
would  be  necessary. 

International  Maritime  Exhibition,  BostonjMass. — This  exhibition  was 
held  for  the  purpose  of  presenting  a  history  of  the  development  of  naval 
architecture  and  the  shipping  trades.  It  opened  on  November  4, 1889. 
The  United  States  Fish  Commission  sent  models  of  the  steamers  Al- 
batross and  Fish  Hawk,  and  a  number  of  photographic  enlargements 
and  crayon  sketches  of  fishing  vessels,  boats,  and  methods,  as  well  as 
swinging  screens  containing  views  illustrating  the  same  subjects.  Mr. 
W.  H.  Abbott,  a  field  agent  of  this  division,  was  detailed  to  superin- 
tend the  installation  of  the  articles. 
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ANAL7BI8  OF  RBFORT8  ISSUBD. 

While  the  number  of  reports  prepared  by  the  division  and  printed! 
during  the  years  covered  by  this  report  was  not  large,  several  of  them 
were  very  extensive  and  were  important  contributions  to  the  subjects 
considered*  Several  other  papers  dealing  with  the  commercial  flsh- 
eries  were  prepared  and  submitted  for  printing  in  this  period,  but  they 
were  not  issued  until  after  the  close  of  the  period  under  consideration. 
The  reports  printed  were  as  follows: 

1.  The  beam-trawl  fishery  of  Qreat  Britain,  with  notes  on  beam-trawling  in 
other  European  countries.  (BuUetin  U.  S.  Fish  Commission,  vn,  pp.  289-407, 
23  plates,  34  text  figures.) 

This  report  deals  with  the  most  important  vessel  fishery  of  Great 
Britain.  Special  chapters  treat  of  the  history  and  importance  of  the 
fishery,  the  fishing-grounds,  the  fishermen,  the  vessels,  the  apparatus, 
the  methods  of  fishing,  marketing  of  the  catch,  the  efiects  of  the  fish- 
ery on  the  abundance  of  fish,  beam  trawling  on  the  continent  of  Europe, 
attempts  to  use  the  trawl  in  the  TJnited  States,  and  the  possibility  of 
its  successful  employment  in  this  country.  Some  idea  may  be  gained 
of  the  extent  of  this  fishery  when  it  is  stated  that  about  20,000  person^ 
find  exclusive  employment  therein,  and  that  the  annual  production  i^ 
about  450,000,000  pounds,  having  a  value  of  over  $13,000,000,  a  sum 
that  represents  more  than  one-third  the  v^lue  of  the  entii'e  coast  and 
itAmd  fisheries  of  the  TJnited  States. 

2.  Suggestions  for  the  employment  of  improved  types  of  vessels  in  the  market 
fisheries,  with  notes  on  British  fishing  steamers.  (BuUetin  U.  8.  Fish 
Commission,  viii,  pp.  175-192, 10  plates.) 

The  recent  improvements  in  the  methods  of  preserving  fish  in  a 
^^h  condition,  and  in  shipping  them  to  distant  points,  have  demon- 
strated the  necessity  for  securing  the  more  rapid  landing  of  the  fish 
^fter  being  caught,  in  order  that  they  may  reach  the  consumer  in  the 
best  possible  state  of  preservation.    The  greatest  amount  of  deteriora- 
tion ensues  between  the  taking  and  the  landing  of  thd  fish,  and  it  is 
the  reduction  to  a  minimum  of  this  impairment  in  quality  which  is 
demanded  by  the  preseot  conditions  of  the  fresh-fish  trade.    To  secure 
this  result,  an  improvement  in  the  form  of  the  fishing  vessels  is  the 
principal  consideration,  and  in  this  report  the  special  t3rpes  of  vessels 
adapted  to  different  fisheries  and  to  particular  regions  are  indicated, 
described,  and  figured.    Speed  and  seaworthiness  are  the  main  lines 
along  which  advances  may  be  made  in  the  building  of  fishing  vessels; 
the  i)08session  of  these  factors  will  not  only  secure  the  landing  of  an 
improved  quality  of  fish  and  the  economy  of  time,  but  will  also  per* 
mit  vessels  to  visit  the  more  distant  and  less  frequented  groundis  and 
thus  i>erhaps  add  to  the  amount  of  the  catch.    The  specially  important 
subjects  considered  in  the  paper  are  the  desirability  of  employing 
steamers  in  the  market  fishery  of  New  England;  the  urgent  n^^  ol 
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steam  vessels  in  the  market  fisheries  of  the  Pacific  coast,  especially 
those  of  San  Francisco;  the  advantages  that  would  accrue  as  the  result 
of  the  adoption  of  steam  carriers  in  certain  Chesapeake  Bay  fisheries; 
and  the  necessity  for  welled  vessels  and  boats  in  the  shore  fisheries  of 
southern  California. 

8.  Review  of  the  fisheries  of  the  Great  Lakes.    (Report  U.  S.  Fisb  CommissioD, 
XV,  pp.  3-333,  44  plates.) 

This  rei)ort  is  a  geographical  review  of  the  entire  fishing  industry  of 
the  Great  Lake  system.  The  history,  methods,  condition,  and  statistics 
of  the  fisheries  are  considered  by  minor  civil  divisions;  the  fishermen, 
apparatus,  vessels,  boats,  and  fishing-grounds  are  described;  notes  on 
the  natural  history,  abundance,  movements,  etc.,  of  the  commei-cial 
fishes  are  given;  the  methods  of  preserving  and  shipping  the  catch  are 
discussed;  the  extent  of  the  wholesale  trade  in  fishery  products  in  the 
principal  cities  is  shown;  the  changes  in  the  methods  of  the  fisheries 
since  1880  are  indicated;  detailed  comparisons  are  made  with  1880; 
the  effects  of  artificial  propagation  on  the  maintenance  of  the  supply  is 
considered;  illustrations  are  presented  of  the  types  of  boats,  vessels, 
principal  forms  of  apparatus,  methods,  and  most  of  the  important  ibod- 
flshes,  and  a  series  of  large  charts  indicates  the  position  and  number  of 
pound  nets  operated.  The  fisheries  of  the  Great  Lakes^  which  are  the 
most  extensive  lake  fisheries  in  the  world,  are  shown  by  the  report  to 
have  given  employment  to  10,356  persons;  the  capital  invested  was 
$4,620,081 ;  the  quantity  of  fish  taken  was  99,842,076  pounds,  and  the 
value  of  the  catch  to  the  fishermen  was  $2,691,866.  An  edition  of  1,250 
copies  of  this  report  was  distributed  among  the  fishing  interests  of  the 
Great  Lakes. 

4.  Notes  on  the  crab  fishery  of  Crisfield,  Maryland.   (Bulletin  U.  S.  Fish  Com- 
mission, £Z,  pp.  103-112,  6  plates.) 

The  business  of  catching  crabs,  impounding  .them  until  after  the 
shedding  process,  and  of  shipping  them  to  market  as  soft-shell  crabs, 
has  in  recent  years  attained  considerable  importance  in  Chesai)eake 
Bay.  A  special  study  of  the  industry  was  made  at  Orisfield  in  1888, 
which  formed  the  basis  for  the  remarks  in  this  paper.  Grisfield  has 
the  distinction  of  being  the  center  of  the  most  extensive  crab-fishery 
in  the  United  States,  and  the  industry  has  of  late  years  increased  with 
wonderM  rapidity.  In  1888,  785  fishermen  engaged  in  taking  crabs  in 
Orisfield  and  vicinity;  4,437,823  crabs  were  obtained,  for  which  the 
fishermen  received  $72,129.  The  dealers  in  Orisfield,  to  whom  the 
entire  catch  is  sold,  shipped  3,782,057  crabs,  the  market  value  of  which 
was  $111,731.  The  difference  between  the  number  of  crabs  caught 
and  the  number  sent  to  market,  amounting  to  655,766,  represents  the 
mortaUty  among  the  crabs  as  a  result  of  the  molting  process  and  inju- 
ries received  when  caught. 


[ 
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5.  Notes  on  au  improved  fonn  of  oyster  tongs.     (Bulletin  U.  S.  Fish  Commis- 
sion, IX,  pp.  161-163, 1  plate.) 

The  tongs  described  are  adapted  to  deep-water  fishing  and  may  be 
saccessfnUy  operated  in  200  feet  of  water.  The  apparatus  consists  of 
two  carved  iron  bars  riveted  together,  terminating  in  a  series  of 
teeth,  and  is  manipulated  by  means  of  a  rope.  By  its  use  large  areas 
of  natural  oyster  beds  have  been  brought  within  reach  of  the  boat  fish- 
ermen, whose  earnings  have  been  considerably  augmented.  In  places 
on  the  Chesapeake  Bay  individual  fishermen  have,  during  some  seasons, 
taken  five  times  as  many  oysters  with  the  new  tongs  as  they  could  with 
the  old  form.  The  principle  involved  in  this  apparatus  is  of  wide  appli- 
cation in  the  fisheries,  and  will  in  time  no  doubt  be  extensively  utilized 
in  the  clam,  scallop,  sponge,  and  other  fisheries. 


REMARKS  ON  THE  FISHERIES. 

Certain  special  matters  having  an  important  bearing  on  the  commer- 
cial fisheries  which  have  been  brought  to  the  notice  of  the  office  by  its 
general  and  local  agents  and  correspondents  may  be  properly  men- 
tiioned  in  this  report.  It  is  not  the  intention,  however,  to  enter  into  an 
Extended  review  of  the  condition  of  the  fishing  industry,  a  subject 
^hich  will  be  ftilly  treated  of  in  the  separate  papers  published  by  the 
Office. 

The  modu^  vivendi. — An  important  provision  of  the  proposed  fishery 
^^aty  between  Great  Britain  and  the  United  States  was  tlie  so-called 
'^^lodus  vivendiy  which  accorded  to  United  States  fishing  vessels  certiiin 
privileges  in  Canadian  jiorts  pending  the  ratification  of  the  treaty. 
Although  the  latter  was  rejected  by  the  United  States  Senate  in 
August,  1888,  the  Canadian  Government  extended  the  operation  of 
^his  part  of  the  treaty,  and  numbers  of  American  vessels  have  taken 
advantage  of  it.  In  1888,  36  vessels  from  New  England  ports  paid 
^3,831  for  licenses  obtained  in  Canada;  the  following  year  78  vessels 
"paid  $9,589.50;  and  in  1890, 119  American  fishing  schooners  took  out 
licenses  for  which  $14,461.50  was  expended.  The  license  fee  is  $1.50 
3)er  net  ton,  and  the  privileges  thereby  secured  are  the  right  (1)  to 
«nter  Canadian  -poTts  to  buy  bait,  apparatus,  and  supplies,  (2)  to  trans- 
ship the  catch,  and  (3)  to  ship  crews.  The  vessels  engaging  in  the  bank 
cod  and  halibut  fisheries  are  those  which  have  the  greatest  occasion  to 
avail  themselves  of  this  regulation. 

Effects  of  abrogation  of  Washington  treaty  on  the  herring  fisheries  and 
the  bait  supply, — ^A  report  on  the  fisheries  of  the  New  England  States 
now  being  prepared  will  contain  the  following  reference  to  the  influence 
which  the  expiration  in  1885  of  the  fishery  treaty  with  Great  Britain 
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has  had  on  the  herring  fishery  of  Maine  and  on  the  development  ii 
certain  places  of  an  important  bait  fishery  to  supply  the  needs  o: 
American  vessels: 

Since  1885  the  herring  fishery  of  Maine  has  undergone  a  noticeable  increase,  whici 
has  been  chiefly  due  to  the  abrogation  of  the  Washington  treaty.  The  mannfactnr 
ing  enterprises  connected  with  the  canning  of  lobsters,  the  canning  and  smoking  o 
herring,  etc.,  have  steadily  increased,  and  new  life  and  new  capital  have  been  pn 
into  the  industry  to  meet  the  demand  for  larger  supplies  of  raw  materials,  amon| 
which  herring  rank  first  in  quantity  and  importance.  The  increase  in  the  numbe: 
of  weirs  and  other  appliances  of  capture  has  been  more  marked  each  year,  and  th< 
growth  and  extension  westward  of  the  fishery  and  the  dependent  shore  indnstriei 
has  been  one  of  the  most  note  worthy  features  of  the  fisheriee  of  this  State  during  th< 
past  decade. 

An  increase  in  the  herring  weir  fisheries  has  in  most  localities  been  attended  witl 
a  corresponding  increase  in  the  smoked-herring  business,  but  in  the  region  of  Mouni 
Desert  Island  a  most  interesting  and  important  exception  to  this  rule  is  to  b< 
observed,  due  to  its  favorable  location  as  a  baiting  rendezvous  for  the  bank  cod  fish 
ermen  of  both  Maine  and  Massachusetts.  In  this  vicinity  the  increase  in  the  nnmbei 
of  herring  weirs  has  had  no  appreciable  effect  on  the  smoking  of  herring,  the  smoke 
houses  being  more  neglected  than  ever  before.  This  condition  is  due  to  the  circum 
stance  that  herring  can  be  sold  f^esh  for  bait  at  better  prices  than  would  result  fron 
smoking  them.  The  demand  for  bait  in  this  section  is  now  so  constant  and  so  greal 
that  the  weir  fishermen  have  not  been  able  to  meet  it,  and  an  extensive  herring 
fishery  with  gill  nets  has  been  inaugurated  within  the  past  three  years  to  supplemeni 
the  weir  fishery.  At  the  Cranberry  Isles  and  also  in  the  vicinity  of  Southwesi 
Harbor  and  Bar  Harbor  large  numbers  of  bank  and  shore  vessels  are  baited  each  year, 
and  the  practice  of  taking  bait  in  this  vicinity  is  annnaUy  becoming  more  populai 
and  of  increasing  importance  to  the  deep-sea  fisheries.  Prior  to  the  building  ol 
weirs  there  was  little  or  no  baiting  done  here,  and  vessels  were  obliged  to  resort  tc 
more  distant  places  and  often  had  to  go  to  the  provinces  at  great  loss  of  time. 

The  marked  effect  which  the  expiration  of  the  reciprocity  treaty  with  Canada  hat 
had  on  the  development  ot  the  fisheries  and  fishery  industries  of  the  entire  eastern 
coast  of  Maine  has  been  nowhere  more  noticeable  than  in  the  increased  facilitiei 
afforded  American  vessels  to  procure  an  abundant  supply  of  bait  in  home  portf 
through  the  building  of  brush  weirs. 

Eastward  movement  of  menhaden, — One  of  the  most  prominent  and 
interesting  features  of  the  New  England  fisheries  during  the  decade 
terminating  in  1888  was  the  practically  complete  absence  of  menhaden 
from  the  Gulf  of  Maine,  where  they  had  previously  resorted  in  enor- 
mous bodies  and  supported  an  industry  of  great  imiK>rtance.  This  fail- 
ure of  the  menhaden  to  appear  within  such  a  large  area  was  one  of  the 
most  remarkable  variations  in  the  movements  of  our  Atlantic  coast 
fishes  that  has  been  recorded,  and  was  much  more  noteworthy,  although 
less  important,  than  the  present  scai*city  of  mackerel.  In  1888  large 
schools  of  menhaden  were  found  east  of  Gape  Cod,  considerable  num- 
bers being  taken  as  far  east  as  Frenchman  Bay,  Maine.  The  next 
season  there  was  a  return  of  the  fish  to  the  Maine  coast  in  schools  fullj 
as  large  and  numerous  as  had  ever  before  been  observed.  The  fishery, 
which  was  begun  on  a  limited  scale  in  1888,  was  greatly  augmented, 
and  many  vessels  from  Ehode  Island  and  other  States  found  it  more 
profitable  to  fish  in  Maine  waters  during  a  part  of  the  season,  w)»»^ 
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wa8  one  of  the  most  Raccessftil  since  tbe  establishment  of  the  fishery. 
The  Maine  fishermen  took  over  10,000,000  pounds  of  menhaden  in  1889, 
for  which  th«j  receiyed  more  than  928,000,  and  the  factories  located  in 
tbe  State  utilized  over  26,000,000  fish  in  the  preparation  of  oil  and 
gaano,  having  a  value  of  987,144. 

New  England  vessels  fishing  for  Spanish  mackerel  in  Florida. — The 

winter  and  spring  of  1889-90  was  quite  noteworthy  in  the  annals  of 

the  New  England  and  Florida  fisheries  because  of  the  experimentiil 

visits  of  two  mackerel  vessels  belonging  at  Gloucester,  Mass.,  to  the 

west  coast  of  Florida  for  the  purpose  of  engaging  in  the  capture  of 

Spanish  mackerel,  which  abound  in  these  waters  at  that  season.    The 

ve^s  made  their  headquarters  at  Key  West,  and  shipped  their  catch 

ill  ice  to  Tampa,  Puuta  Gorda,  and  New  York.    One  of  the  vessels, 

tbe  schooner  Hattie  S.  Clark,  fished  from  December  1,  1889,  to  April  1, 

l^i9i),and  caught  during  that  time  100,000  pounds  of  Spanish  mackerel, 

f^w  which  98,000  was  re<;eive4,  the  crew  of  12  men  sharing  9225  each. 

Tlie  other  schooner,  the  Schuyler  Colfax^  made  only  two  trips,  between 

l^ebruary  1  and  April  1,  1890,  and  lauded  30,000  pounds,  the  value  of 

"^^hieh  was  92,400.    Tlie  owner  of  the  schooner  reports  that  the  vessels 

^"veraged  8,(M)0  or  10,OOD  pounds  of  fish  each  trip  and  that  this  catch 

"^^as  made  in  half  a  day's  actual  fishing,  although,  because  of  the  dolay 

^'^i  getting  ice,  it  usually  took  about  two  weeks  to  complete  a  trip.    This 

^Tial  oi>e]is  up  a  new  field  for  winter  operations  on  the  i)art  of  ma<5k- 

^>Tel  vessels,  and  the  continued  scarcity  of  regular  niiickerel  on  the  New 

England  coast  may  lead  to  the  establishment  of  an  important  winter 

fishery  off'  the  coast  of  Florida. 

Voyage  to  Africa  for  mackerel. — The  scarcity  of  mackerel  on  the  At. 
^  antic  coast  of  the  United  States,  which  has  been  marked  since  1885  and 
iias  been  more  prolonged  than  during  any  previous  similar  period  in 
tihe  history  of  the  fishery,  prompted  the  owner  of  the  schooner  .4  Ixce, 
T>f  Proviucetown,  Mass.,  to  undertake  the  prosecution  of  the  .fishery 
^n  the  southern  coast  of  Africa,  where  whalers  and  merchantmen  hiid 
^reported  that  mackerel  occurred  in  abundance.    The  vessel  sailed  for 
Cape  of  Good  Hope  in  October,  1889,  and  made  the  longest  cruise  ever 
5iccomplished  by  a  mackerel  vessel,  the  distance  being  about  7,000 
:miles.    On  arriving  at  the  grounds,  fish  were  found  in  considerable 
numbers,  and  during  the  first  nine  months  about  900  barrels  of  mack- 
erel were  packed,  and  some  were  shipped  to  the  United  States,  where 
they  arrived  about  December  1, 1890.    Some  of  the  fish  were  of  large 
size,  being  2  feet  in  length  and  weighing  over  3  pounds  wlien  salted, 
and  the  consignment  sold  at  914  to  918  per  barrel.    Examples  were 
sent  to  this  office  for  examination,  find  thii  fish  were  found  to  be  the 
bnll's-eye,  chub,  or  thimbleeye  mackerel  (Scomber  colias),  and  not  the 
common  mackerel  of  our  coast  {8.  scombrus).    During  the  second  sea- 
son of  the  vessel's  sojourn  on  the  African  coast  only  a  few  fish  were 
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taken,  and  the  vessel  returned  home  in  June,  1891,  after  a  cruise  that 
was  not  on  the  whole  successful,  although  important. 

Increaae  of  shore  cod  as  a  result  of  artificial  propagation, — Few  sub- 
jects that  have  recently  come  up  in  connection  with  the  New  England 
fisheries  i)ossess  greater  ioterest  and  importance  than  the  results 
which  have  been  achieved  by  the  planting  by  the  U.  S.  Fish  Commis- 
sion of  cod  in  the  inshore  waters  of  the  southern  New  England  coast 
during  the  past  few  years.  Very  few  of  the  fishermen  of  the  region  had 
much  confidence  in  the  feasibility  of  this  attempt  to  increase  the  supply 
of  codfish,  and  they  were  much  surprised,  as  well  as  pecuniarily  bene- 
fited, by  the  appearance  of  young  cod  in  great  abundance  on  grounds 
on  which  the  fish  have  been  scarce  or  absent  for  years.  The  fishery 
began  in  1880,  when  a  few  small  vessels  made  good  fares,  one  schooner 
landing  300,000  pounds  of  small  fish.  The  inquiries  conducted  by  the 
oftlce  showed  that  in  1890,  by  the  last  of  July,  about  4,000,000  pounds 
of  small  and  medium  sized  cod  were  taken  in  the  inshore  waters  of 
southern  New  Enghind,  which  even  tlie  most  skeptical  fishermen  were 
willing  to  acknowledge  were  fish  that  had  been  artificially  proi)agated 
at  the  government  hatcheries  at  Woods  Holl  and  Gloucester.  As  a 
result  of  this  single  fisliery  over  §  100,000  was  added  to  the  income  of 
the  fishermen,  and  there  is  reason  to  believe  that  a  permanent  summer 
fishery  has  been  inaugurated  that  promises  good  returns. 

Other  fishery  matters. — Various  other  events  of  importanoe  to  the 
economic  fisheries  during  the  period  covered  by  this  rejKJrt  at- 
tracted more  or  less  attention,  which  need  only  be  mentioned  and 
not  discussed.  Among  these  were  the  Bering  Sea  dispute  and  the 
seizures  of  American  and  Canadian  sealing  vessels  for  violating  the 
regulations  of  the  United  States  regarding  the  capture  of  fur  seals  in 
that  region,  the  fish  paragraphs  in  the  new  tariff  law  and  in  the  reci- 
procity treaties  made  with  countries  of  Central  and  South  America, 
the  agitation  of  the  oyster  question  in  Maryland  and  Virginia,  the 
seizures  of  Khode  Island  menhaden  vessels  for  fishing  in  Massachusetts 
waters  in  Buzzards  Bay,  etc. 
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1. — REPORT  UPON  THE  INVESTIGATIONS  OF  THE  U.  S.  FISH 
COMMISSION  STEAMER  ALBATROSS  FROM  JULY  1,  1889,  TO 
JUNE  30, 1891. 


By  Lieat.  Commander  Z.  L.  Tanmbr,  U.  S.  Navy,  Commanding. 


THB  FISCAL  TSAR  1889-90. 

SOUTHEASTERN  ALASKA,  JULY,  1889. 

The  Albatross  was  at  Departure  Bay,  B.  C,  July  1,  1889,  coaling 
ship,  preparatory  to  a  trip  to  southeastern  Alaska  with  several  mem- 
I)er8  of  the  Committee  on  Indian  Affairs  of  the  United  States  Senate. 
On  July  3  she  proceeded  to  Victoria  for  supplies,  and  on  the  4th  to 
Port  Townsend,  Wash.,  where  Gapt.  J.  W.  Keen,  an  Alaskan  pilot,  was 
engaged  for  the  cruise.  We  were  joined  at  Tacoma,  on  the  8th,  by 
Senators  H.  L.  Dawes,  F.  B.  Stockbridge,  G.  F.  Manderson,  and  J.  K. 
Jones,  together  with  several  officers  of  the  Senate  and  their  attendants. 
The  steamer  left  Tacoma  the  same  day,  and  after  touching  at  Port 
Townsend  for  mail  proceeded  northward  through  the  inland  passage. 
Kight  anchorages  were  made  at  Garter  Bay  and  Gardena  Bay  on 
account  of  fog  and  tides,  but  no  other  stops  were  made  until  Fort 
Tongas  was  reached  on  the  morning  of  the  11th.  The  senatorial  com- 
mittee landed,  but,  finding  the  place  abandoned,  soon  returned  on  board, 
and  we  left  for  Port  Ghesteri  where  we  arrived  the  same  evening. 
This  beautiful  bay  lies  on  the  west  side  of  Annette  Island  and  affords 
a  secure  harbor  for  all  classes  of  vessels.  The  region  has  attracted 
much  attention  recently  from  having  been  selected  as  the  site  of  the 
New  Metlahcatlah,  the  home  of  Rev.  Mr.  Duncan's  colony  of  Indians. 

Mr.  Duncan's  labors  among  the  Indians  of  British  Golumbia  com- 
menced about  thirty  years  ago,  and  through  his  efforts  a  flourishing 
comjnunityhad  grown  up  at  what  is  now  called  Old  Metlahcatlah,  near 
Port  Simpson,  B.  G.  The  people  were  housed  in  comfortable  cottages; 
churches  and  schools  were  in  a  flourishing  condition;'  various  indus- 
tries were  successfully  prosecuted;  and  it  was,  in  fact,  considered  the 

NoTX. — ^AU  bearings  are  magnetic  unless  otherwise  stated,  and  depths  are  ez- 
piessed  in  fathoms. 
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ideal  Indian  community  of  the  Pacific  coast.  Vexed  questions  of 
church  discipline  finally  arose  between  \he  colonists  and  the  bishop 
of  the  diocese,  culminating  about  two  years  since  in  the  abandonment 
of  the  settlement  by  the  majority  of  the  people,  and  removal  to  their 
present  location.  The  site  selected  for  the  settlement  was  a  densely 
wooded  plain  bordering  on  the  bay,  wljere  many  acres  have  been  cleared 
and  partially  drained,  and  houses  erected  for  the  people.  A  steam  saw- 
mill and  salmon  cannery,  and  a  large  building  for  a  general  store  have 
been  built.  The  schoolhouse  is  the  most  imposing  structure  in  the 
place,  and  compares  favorably  with  many  similar  buildings  in  older 
communities.  Boarding  houses  for  boys  and  girls  were  in  process  of 
construction  in  connection  with  the  school,  all  of  this  work  being  done 
by  the  Indians,  under  the  general  supervision  of  Mr.  Duncan.  The 
sawmill  was  burned  shortly  before  our  arrival.  Mr.  Duncan  was 
absent,  but  the  committee  had  several  conferences  with  the  leading 
men,  obtaining  from  them  the  general  condition  of  the  settlement  and 
their  needs. 

A  dense  fog  prevailed  until  noon  of  the  12th,  when  we  got  under  way 
for  Karta  Bay,  via  Clarence  Straits.  Arriving  at  5:54  p.  m.,  the  com- 
mittee visited  the  Indian  village  and  cannery  (the  old  Baronovitch 
fishery),  which,  in  its  day,  was  one  of  the  most  important  in  Alaska. 
Leaving  Karta  Bay  at  7 :55,  we  proceeded  to  Port  Wraugell,  where  we 
arrived  at  7:25  the  following  morning.  The  committee  landed  and 
visited  the  school  and  Indian  village,  returning  at  noon,  when  we  went 
on  our  way.  We  entered  Chatham  Strait  at  1  a.  m.,  and  at  5:30  came 
to  with  the  stream  anchor  in  40  fathoms,  near  a  rocky  point  off"  Kootz- 
nahoo  Boads,  for  the  double  purpose  of  waiting  for  slack  water  at  Peril 
Straits  and  to  afford  an  opportunity  for  fishing.  Many  halibut  and 
cultus-cod  were  caught  witji  hand  lines,  and  several  salmon  were  cap- 
tured by  trolling.  Leaving  our  fishing-ground  at  7:50,  we  arrived  in 
the  harbor  of  Sitka  at  4 :20  p.  m. 

The  next  day,  July  15,  the  committee  were  early  on  shore,  visiting 
the  Indian  school,  and  other  places  of  interest,  while  the  vessel  went 
to  the  Government  wharf  for  coal.  The  wharf  is  a  rickety  affair,  and 
the  Government  buildings,  with  few  exceptions,  are  rapidly  falling  into 
decay.  The  Indian  settlement  occupies  most  of  the  water  front,  and, 
owing  to  strict  sanitary  measures  and  general  supervision  during  the 
U.  S.  Naval  regime,  presents  a  very  respectable  appearance.  Most  of 
the  men  were  away  at  the  salmon  fisheries,  and  the  women  and  old  men 
were  busy  in  the  manufacture  of  baskets  and  Indian  curios,  that  being 
about  the  only  industry  prosecuted  in  the  place.  It  was  rainy  and 
misty  on  the  morning  of  the  16th,  but  partially  cleared  about  noon. 
Through  the  courtesy  of  the  governor,  Mr.  George  Kastrometinoff 
joined  us  as  interpreter  for  the  northern  trip,  to  facilitate  communica- 
tion with  the  native  tribes. 
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We  left  Sitka  at  4 :35  p.  m.  for  Peril  Straits,  through  which  we  passed 
at  Black  water,  and  came  to  at  9:45  in  Favorite  Anchorage.  A  strong 
southeasterly  wind  sprang  np  daring  the  night,  with  rain  and  mist, 
and  on  entering  Chatham  Strait  the  following  morning,  and  finding 
that  it  would  be  impossible  to  land  at  Kootznahoo  as  intended,  we 
tamed  to  the  northward,  and  ran  into  Pavlo£f  Harbor,  Freshwater  Bay, 
for  protection  until  the  weather  improved. 

We  found  it  a  snug  little  anchorage,  entirely  protected  from  south- 
erly wiuds.  A  salmon  cannery  was  in  operation  on  the  western  side 
of  the  bay,  with  the  usual  ac^acent  Indian  yiUage.  Quite  a  large 
stream  ent^^  the  head  of  the  bay,  over  a  &11  of  several  feet,  at  the 
foot  of  which  many  trout  were  taken.  Several  salmon  and  a  single 
halibut  were  caught  by  trolling.  The  senatorial  party  and  others 
landed  soon  after  our  arrival,  and  visited  the  cauDery,  Indian  village, 
and  other  points  of  interest.  The  foUowing  morning  we  went  to  Muir 
Inlet,  reaching  the  great  glacier  at  2:40  p.  m.  The  photographers  and 
several  of  the  senatorial  party  landed  to  get  a  nearer  view  of  the 
glacier. 

Leaving  the  glacier  at  4  p.  m.,  we  worked  our  way  down  the  bay 
through  heavy  masses  of  ice,  which  made  navigation  slow  and  intri- 
cate, until  we  reached  the  vicinity  of  Bartlett  Bay.  Soundings  taken 
in  Glacier  Bay  gave  us  45  fathoms  abreast  of  Willoughby  Island,  48  at 
the  entrance  to  Muir  Inlet,  and  57  about  half  a  mile  from  the  face  of 
the  glacier. 

Steaming  across  Icy  Straits,  we  anchored  in  the  snug  harbor  of 
Hoonyah  Bay,  at  10:45  p.  m.,  off  a  large  village  which  the  committee 
wished  to  visit;  but  it  was  found  entirely  abandoned  by  the  Indians, 
who  had  gone  on  their  summer  hunting  and  fishing  expeditions.  The 
next  day  we  went  to  the  Indian  village  in  Portage  Bay.  This  village 
was  also  abandoned,  but  as  the  committee  were  anxious  to  meet  the 
people,  they  went  in  the  steam  Uunch  to  the  mouth  of  the  river,  up 
which  they  were  rowed  a  mile  or  two  in  a  skiff,  and  then  walked  a  mile 
fieirther  to  the  rapids,  where  the  Indians  were  taking  salmon.  The  sen- 
atoH  were  much  pleased  with  their  general  appearance,  and  considered 
them  superior  to  any  native  Alaskans  they  had  previously  met.  Our 
anchorage  at  Portage  Bay  was  in  latitude  59^  09'  N.,  the  highest  point 
reached  by  the  vessel  during  the  season. 

The  committee  having  returned,  we  left  at  7 :36  p.  m.  for  Ghilkat, 
anchoring  at  10 :35  p.  m.,  in  Pyramid  Harbor,  in  31  fathoms.  The  com- 
mittee visited  the  cannery  and  Indian  village  next  morning.  At  11 
a.  m.  we  proceeded  to  Juneau,  where  we  arrived  at  10:25  p.  m.,  calling 
at  Auk  Village  on  the  way,  which  was  found  abandoned. 

The  Senate  committee  held  a  conference  with  citizens  and  Indians  of 

Juneau  on  the  22d,  at  which  matters  of  interest  to  the  Territory,  and 

Juneau  in  particular,  were  discussed.    We  got  under  way  at  3 :30  p.  m., 

and  ran  down  the  harbor  to  the  great  TreadweU  Mine,  the  commiU^^ 

H.  Mis,  113 U 
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and  others  visiting  the  works.  Leaving  the  mine  at  5:30,  we  steamed 
to  the  southward.  On  the  23d,  at  3  :o5  p.  m.,  cast  the  trawl  in  322  fath- 
oms, black  sand  and  gravel  bottom,  Lemesurier  Point  bearing  NE.  J  E. 
(mag.),  distant  2-^%  miles.  After  dragging  a  short  distance,  the  trawl 
entered  a  soft  mud  bottom,  with  which  the  net  became  filled,  and  it 
required  several  hours  careful  work  to  land  it  on  board.  Hundreds  of 
sea-urchins  were  brought  up,  besides  starfish,  ophiurans,  annelids,  shells, 
etc.  One  hagfish  and  another  small  fish,  species  unknown,  were  taken. 
The  absence  of  fish  was  notable,  and  would  seem  to  indicate  unusually 
barren  ground.  A  line  of  dredgings  through  the  channels  would  be 
exceedingly  interesting,  as  the  only  means  of  determining  the  species  ' 
and  general  distribution  of  fish,  occupying  the  inland  waters  of  south- 
eastern Alaska  in  summer  time.  Continuing  our  course  to  the  south- 
ward, Victoria  was  reached  at  8:40  p.  m.,  without  stop  or  incident,  on 
the  26th. 

The  senatorial  committee  visited  the  principal  places  of  interest  in 
the  city  the  following  morning,  including  the  dockyard  and  new  dry 
dock  at  Esquimalt.  We  were  under  way  at  3 :40  p.  m.,  and  with  steam 
and  sail  ran  across  the  straits  to  Fort  Townsend,  arriving  at  7:35 
p.  m.  Seattle  was  reached  at  3  p.  m.  the  next  day,  and  Tacoma  at  7 :30. 
The  members  of  the  Senate  committee  were  landed  immediately,  and, 
with  many  expressions  of  gratification  at  the  results  of  the  trip  and 
regrets  at  its  termination,  took  their  departure.    Prof.  0.  H.  Gilbert 
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left  also,  with  instructions  to  return  to  Washington. 

WASHINGTON,  OREGON,  AND  CALIFORNIA,  AUGUST- 

Preparations  for  cruise  to  Bering  Sea. — ^We  started  for  Port  Town- 
send  at  8:57,  arriving  at  11 :50  a.  m.  on  the  29th,  having  been  detained 
about  eight  hours  by  fog.  Supplies  were  obtained  at  this  place,  and, 
after  completing  our  preparations  for  sea,  we  left  at  2:30  p.  m.,  August 
1,  for  Departure  Bay,  British  Columbia,  arriving  at  5:10  the  following 
morning.  Coaling  was  finished  on  the  morning  of  the  4th,  and  we  left 
the  harbor  at  2  p.  m.  for  Bering  Sea  via  Unalaska,  under  one  boiler, 
the  coal  consumption  being  limited  to  10  tons  per  day.  The  sky  was 
clear,  but  the  smoke,  which  had  the  effect  of  fog,  obscured  everything 
at  a  distance.  This  was  caused  by  forest  fires  which  prevail  through- 
out Oregon,  Washington,  and  British  Columbia  during  the  dry  season, 
when  the  smoke  becomes  so  dense  at  times  that  it  is  more  dreaded  by 
mariners  than  fog,  rendering  navigation  exceedingly  difficult  and  dan- 
gerous.   It  is  prevalent  until  dissipated  by  the  autumn  rains. 

We  passed  Seymour  Narrows  at  4:15  a.  m.  on  the  5th,  an  hour  before 
low  water,  and,  although  the  swirls  were  somewhat  heavy,  the  tide 
had  slackened  sufficiently  to  enable  us  to  keep  control  of  the  helm 
without  undue  strain.  It  was  discovered  soon  after  leaving  Departure 
Bay  that  the  coal  on  board  was  of  an  inferior  quality,  and  the  allow- 
ance was  increased  to  12  tons  per  day,  but  even  then  we  could  not 
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make  our  usaal  speed.  At  8:05  p.  m.  we  emerged  from  Goleta's  Chan- 
nel, steamed  out  into  the  Pacific,  encountering  light  westerly  winds  and 
smooth  sea.  The  weather  was  clear  overhead,  but  misty  abont  the 
horizon,  obscuring  the  land. 

Everything  worked  smoothly  during  the  night  and  following  day, 
aDd  a  gentle  breeze  from  SW.  enabled  us  to  carry  fore  and  aft  sail. 
At  4:20  p.  m.,  August  7,  the  port  high-pressure  piston  broke,  disabling 
that  engine.  The  starboard  one  was  uninjured  and  would  drive  the 
vessel  between  4  and  5  knots  per  hour,  dragging  the  port  propeller; 
but  it  would  be  difBicult  to  maneuver  under  favorable  conditions,  and 
iu  heavy  weather  the  vessel  would  be  nearly  helpless.  In  view  of  the 
fact  that  there  were  no  machine  shops  at  Unalaska  or  any  facilities  for 
making  repairs,  the  ship  was  immediately  headed  for  Port  Townsend, 
the  nearest  place  affording  the  necessary  appliances.  The  cylinder 
head  wsis  taken  off  as  soon  as  practicable,  and  the  broken  piston  was 
found  lying  in  fragments  at  the  bottom  of  the  cylinder.  The  piston  rod 
was  bent,  and  there  was  a  small  scratch  on  the  internal  surface  of  the 
cylinder,  but  not  of  sufficient  depth  to  do  any  damage.  The  low-pres- 
sure cylinder  was  uninjured,  so  the  high-pressure  engine  was  discon- 
nected, and  about  three  hours  after  the  accident  both  propellers  were 
working  and,  with  the  assistam^  of  sail,  the  vessel  was  making  nejirly 
her  usual  speed.  The  accident  happened  in  latitude  52°  45'  N,  and 
longitude  136o  56'  W.,  649  miles  from  Port  Townsend.  We  encoun- 
tered fog  as  soon  as  we  approached  the  coast,  but  the  sea  remained 
comparatively  smooth  and  we  carried  our  fair  wind  into  the  Straits  of 
Fuc4i.,  arriving  at  Port  Townsend  at  11 :17  a.  m.,  August  11. 

Fog  signal  at  Cape  Flattery. — ^An  incident  in  connection  with  the  Cape 
Flattery  fog  signal  is  worthy  of  mention.  A  dense  fog  prevailed  as 
we  approached  the  Cape,  and  an  anxious  watch  was  kept  for  the 
sound  of  the  whistle,  which  was  finally  heard  distinctly  at  a  distance 
of  5  or  6  miles.  Our  course  led  us  in  the  direction  of  the  sound,  but 
it  continued  to  grow  fainter,  until  at  Duncan  Eock,  1  mile  away,  it 
ceased  to  be  heard,  except  at  long  and  irregular  intervals,  and  then  so 
faintly  that  it  would  hardly  have  been  noticed.  There  can  be  no  pos- 
sible question  as  to  our  distance  from  the  whistle,  as  we  made  Duncan 
Kock  ahead  not  more  than  a  quarter  of  a  mile  away.  Going  on  up  the 
straits,  the  sound  increased  in  volume  and  regularity,  and  at  a  distance 
of  G  miles  was  still  distinctly  audible.  We  have  observed  this  phe- 
nomenon on  two  previous  occasions,  but  failing  to  sight  Duncan  Eock 
were  not  absolutely  certain  of  our  distance  from  it.  Other  vessels  have 
met  with  the  same  experience,  usually  attributing  it  to  a  temporary 
lack  of  steam.  There  are  two  or  three  small  rocky  islets  lying  between 
the  whistle  and  Duncan  Eock,  all  less  than  a  quarter  of  a  mile  from  the 
former,  and,  although  low  and  insignificant  in  appearance  they  may 
have  something  to  do  with  the  deflection  of  the  sound  of  the  whistle 
from  the  direction  of  the  latter. 
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The  erratic  action  of  sound  signals  has  been  a  fruitful  theme  of  in- 
vestigation for  many  years,  and  while  we  have  learned  in  a  general  way 
that  sounds  may  ricochet  over  the  surface  of  land  and  sea  by  succes- 
sive contacts  with  uneven  surfaces,  or  air  strata  of  dififerent  densities, 
we  have  not  been  able  to  lay  down  any  rule  by  which  the  mariner  can 
determine  the  existence  of  abnormal  atmospheric  conditions:  hence  his 
lack  of  confidence  in  sound  signals  in  general  and  the  necessity  for  great 
caution  when  approaching  them.  The  peculiarity  in  this  case  is  that 
the  phenomenon  has  been  observed  only  on,  or  near,  the  bearing  of 
Duncan  Bock,  the  critical  point  in  entering  the  Straits  of  Fuca. 

Port  Townsend  to  cotist  of  Oregon. — ^Work  on  the  disabled  engine 
commenced  on  the  12th.  A  new  piston  was  made,  the  rod  straightened, 
and  other  minor  matters  attended  to.  The  job  was  completed  on  the 
morning  of  the  22d,  and  at  noon  we  left  for  Departure  Bay,  where  we 
arrived  at  10:15  a.  m.  the  following  day.  We  commenced  coaling  at 
1  p.  m.  and  finished  at  10:15  a.  m.  on  the  24th,  having  taken  on  board 
94^  tons.  Leaving  the  harbor  an  hour  later,  we  anchored  for  the  night 
in  Otter  Bay,  where  we  found  a  safe  and  convenient  harbor.  Large 
numbers  of  surf  ducks  and  a  few  puffins  were  swimming  leisurely  about 
the  bay  when  we  entered,  but  soon  disappeared.  Fishin g  lines  were  put 
over  the  side,  resulting  in  the  capture  of  one  flounder  and  a  dogfish. 

We  were  under  way  at  6  the  following  morning  and  anchored  off 
Victoria  at  10:15  a.  m.,  where  we  called  for  supplies.  We  left  there  at 
11 :20  on  the  morning  of  the  27th,  and,  steaming  out  of  the  Straits  of 
Fuca,  passed  Cape  Flattery  at  9  p.  m.  .  A  course  was  then  made  for 
Tillamook  Bock,  which  brought  the  vessel  into  the  trough  of  a  westerly 
swelJ,  causing  her  to  roll  heavily.  We  were  steaming  with  one  boiler, 
as  usual,  the  consumption  of  fuel  being  limited  to  10  tons  per  day.  The 
coal  turned  out  even  worse  than  the  previous  lot,  reducing  the  speed 
nearly  a  knot  and  a  half  an  hour. 

Coast  of  Oregon. — At  11 :47  a.  m.,  August  28,  we  commenced  sounding 
off  Tillamook  Bock,  running  lines  from  shore  to  a  depth  of  200  fathoms, 
occupying  stations  at  intervals  of  about  5  miles  and  working  to  the  south- 
ward. It  is  not  an  easy  matter  under  the  most  favorable  conditions  to 
keep  an  accurate  account  of  a  vessel's  position  when  using  the  beam 
trawl  or  hand  lines,  and  it  was  particularly  difficult  to  do  so  with  the 
strong  and  irregular  currents,  smoky  atmosphere,  and  boisterous 
weather  prevailing  on  the  coast  of  Oregon.  Knowing  that  our  sound- 
ings would  be  used  for  hydrographic  purposes,  the  necessity  for  as  great 
a  degree  of  accuracy  as  practicable  was  so  apparent  that  we  decided  to 
give  our  undivided  attention  to  the  determination  of  depths,  character 
of  bottom,  and  temperatures,  to  be  followed  later  by  the  usual  investi- 
gations with  beam  trawl,  hand  hues,  and  the  various  methods  of  bio- 
logical research.  The  weather  being  exceptionally  clear,  we  continued 
work  night  and  day  until,  at  midnight  of  the  31st,  we  were  in  the 
vicinity  of  Cape  Gregory.   ' 
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September  1  was  an  unasually  clear  day,  and  the  sea  was  compara- 
tively smooth.  The  time  was  spent  on  Heceta  Bank  and  vicinity,  many 
somidings  being  taken  to  determine  the  extent  of  the  40-fathom  patch. 
The  beam  trawl  was  ased  successfully,  although  the  bottom  was  rough, 
and  when  it  was  too  rocky  for  the  trawl  the  tangles  were  brought  into 
requisition.  Boats  were  lowered  and  hand  lines  used  on  different  parts 
of  the  bank.  The  result  of  the  day's  operations  may  be  stated  as  fol< 
lows:  The  area  of  the  40-&thom  patch  on  Heceta  Bank  is  very  small. 
Beam  trawl  and  trawMine  fishing  are  impracticable  on  the  rougher 
XK>rtion8  of  the  bank.  Hand  lines  from  boats  will  meet  with  the  best 
results.  Fishes  and  invertebrates  were  almost  identical  with  those 
taken  last  season,  but  dogfish  had  not  reached  the  bank  in  great  num- 
bers. The  list  of  food-fishes  will  be  found  in  the  table  of  fishing 
stations. 

An  interesting  haul  of  the  beam  trawl  was  made  after  dark  in  93 
fothoms,  green  mud,  a  few  miles  inshore  of  the  bank.  One  hundred 
flounders  were  taken,  representing  four  species;  and  also  large  num- 
bers of  rock-cod,  one  black-cod,  one  cultus  cod,  and  several  species 
of  small  fish.  Holothurians  and  other  invertebrates  were  found  in  large 
numbers.  In  a  subsequent  haul  in  61  fathoms,  green  mud  and  sand, 
made  between  8  and  9  p.  m.,  200  flounders  were  taken,  besides  other 
species.  Considering  the  size  of  the  trawl  (11  feet  beam)  and  the  dura- 
tion of  the  haul,  which  did  not  exceed  20  minutes,  it  must  be  conceded 
that  the  region  is  rich  in  the  various  species  of  flatfishes  and  rock<cod. 

September  2  and  3  were  spent  in  the  examination  of  the  region  over 
which  we  had  recently  sounded.  The  beam  trawl  and  hand  lines  were 
used,  the  different  species  of  flatfish,  rock-cod,  etc.,  being  found  gen- 
erally distributed  along  the  coast.  There  was  a  uniform  bottom  of  fine 
gray  sand  to  a  depth  of  about  40  fathoms^  when  green  mud  began  to 
show,  increasing  in  proportion  until  at  60  fathoms  there  was  but  little 
sand.  One  exception  to  the  uniform  character  of  bottom  was  a  small 
bank  or  rocky  patch  lying  SSW.  J  W.  magnetic,  19  miles  from  Yaquina 
light-house.  The  least  water  found  was  42  fathoms,  clay  and  mud  bot- 
tom, with  frequent  rocky  or  stony  patches,  covering  an  area  of  about 
40  square  miles.  Several  specimens  of  the  rocks  were  brought  up  in 
the  beam  trawl — water- worn  bowlders  of  blue  limestone,  weighing  from 
50  to  200  pounds,  bearing  evidence  of  drift  deposit.  The  entire  surface 
of  the  stones  was  honeycombed  by  borers  and  covered  with  a  mass  of 
Ufe,  including  small  cup  corals,  sponges,  trachiopods,  annelids,  mol- 
lusks,  ophiurans,  etc.  The  weather  was  very  boisterous  during  our 
exploration  of  the  bank,  which  prevented  a  satisfactory  examination 
regarding  its  fish  life,  but  the  various  species  of  rock-cod  will  doubtless 
be  found  there  in  large  numbers. 

Wind  and  sea  increased  during  the  3d,  until  it  became  too  rough  to 
oontinne  work,  and  as  our  coal  was  getting  short  we  decide^d  to  go  to 
Aatoiia  for  a  supply.    Slow  progress  was  made  during  the  uight)  %t«mv^ 
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iDg  bead  to  wind  and  sea,  but  it  moderated  next  morning,  and  we 
crossed  the  Columbia  River  Bar  at  2  p.  m.,  auchoriug  off  Astoria  an 
hour  later.  We  received  50  J  tons  of  coal  on  the  6th,  and  at  10:40  next 
morning  got  under  way,  crossed  the  bar  at  Meridian,  and  at  3 :46  put 
the  hand  lines  over  in  40  fathoms,  off  Falcon  Kocks.  A  fine  salmon 
was  taken  on  one  of  the  lines. 

The  beam  trawl  and  hand  lines  were  used  at  various  stations,  work- 
ing to  the  southward  over  ground  previously  sounded.  The  various 
species  of  rock-cod,  flounders,  etc.,  were  found  quite  plentifully.  A 
thick  fog  set  in  at  8  j).  m.,  obliging  us  to  lay  to  till  daylight  the  foUow- 
ing  morning,  when  it  partially  lifted  and  we  continued  our  investiga- 
tions, working  to  the  southward  as  before.  Beam  trawl  and  hand  lines 
were  used  with  good  success,  and  Mr.  Alexander  made  an  examination 
of  the  shore  line  in  the  dory.  There  are  many  outlying  rocks  along 
this  part  of  the  coast,  around  which  we  expected  to  find  rock-cod  and 
other  species,  but  we  were  disappointed.  The  presence  of  sea  lions  on 
nearly  every  rock  may  account  for  this  scarcity  of  fish.  Having 
reached  Cape  Lookout  we  anchored  under  its  lee  at  5:10  x>.  m.,  where 
we  found  smooth  water  and  excellent  protec^tion  from  uortlierly  winds. 

Our  attention  having  been  called  to  a  recently  discovered  bank  off 
Nestuggah,  Oregon,  reported  by  Capt.  Bell,  of  the  steamer  A.  B.  Fields 
we  decided  to  give  the  region  a  careful  examination.  The  rejiort  stated 
that  12  fathoms  was  found  10  miles  from  land.  We  sounded  at  inter- 
vals of  3  miles,  extending  the  examination  several  miles  north  and 
south  of  Nestuggah,  and  found  15  fathoms  about  1  mile  from  shore,  the 
depth  increasing  regularly  to  70  fathoms,  8  to  10  miles  off,  where  the 
reported  bank  was  said  to  be.  The  bottom  was  of  fine  gray  sand,  and 
the  usual  varieties  of  coast  fishes  were  found,  but  no  codfish.  The 
report  referred  to  is  more  circumstantial  than  usual,  names  being  given, 
yet  we  found  that  a  depth  of  12  fathoms  anywhere  in  the  vicinity  of 
Nestuggah  would  be  but  a  fraction  of  a  mile  from  shore  and  well  within 
sound  of  the  surf. 

Having  completed  the  examination  of  the  reported  bank  we  continued 
work  along  the  coast,  and  although  the  weather  was  boisterous,  it  was 
usually  clear,  with  bright  moonlight  nights,  which  enabled  us  to  carry 
On  the  work  continuously.  Reaching  the  vicinity  of  Orford  Reef  on 
the  afternoon  of  the  12th,  Mr.  Alexander  went  in  with  the  dory  and 
examined  that  locality,  while  the  Albatross  worked  farther  off  shore. 
He  reported  sea  lions  on  nearly  every  rock,  and  the  total  absence  of 
fish  in  their  immediate  vicinity ;  but  '^  spots  "  were  found,  a  few  hun- 
dred yards  to  the  southward,  where  cultus-cod  and  the  various  species 
of  rock-cod  were  taken  in  large  numbers.  We  were  equally  successful 
with  the  hand  lines  on  board  ship  at  stations  south  and  west  of  the 
reef. 

Wind  and  sea  increased  during  the  afternoon,  making  boat  work  and 
line  fishing  from  the  ship  so  difiicult  that  we  sought  shelter  for  the  night 
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off  Port  Orford,  where  we  found  good  anchorage  in  7  fathoms,  pro. 
tccted  from  the  prevailing  coast  winds.  A  destructive  forest  fire  was 
observed  to  the  northward  of  Gape  Orford,  steadily  working  its  way 
soath  and  approaching  the  coast.  It  was  just  back  of  the  first  range 
of  hills  when  we  anchored,  and  soon  after  reached  the  sawmill,  lumber 
yard,  and  buildings  adjoining,  quickly  sweeping  them  away. 

A  dense  fog  and  smoke  prevailed  until  7:35  the  following  morning, 
when  it  began  to  clear,  and,  getting  under  way,  we  carried  the  sound- 
ings  to  the  vicinity  of  Cape  Sebastian  during  th^  day,  the  last  one  being 
taken  at  7:13  p.  m.  Owing  to  high  winds  and  scii  we  laid  a  course  to 
the  northward,  and,  under  moderate  speed,  faced  the  swell  during  the 
night.  Keaching  the  vicinity  of  Koos  Bay  at  8 :30  the  following  morn- 
ing, we  ran  a  line  of  soundings  ofi;'  shore,  to  fill  in  a  spao^  left  on  the 
former  examination,  then  started  for  Astoria,  arriving  at  2  p.  m.,  Sep- 
tember 15. 

Orders  were  received  on  the  16th  to  proceed  to  PoiUand,  Oregon,  and 
place  the  Albatross  on  exhibition  for  about  ten  days,  in  connection  with 
the  Northern  Pa<5ific  Industrial  Exiwsition.  We  coaled  on  the  19th, 
taking  94^  tons;  cleaned  and  painted  ship,  and  early  on  the  morning 
of  the  26th  got  under  way  for  Portland,  anchoring  below  the  city  at 
6:20  p.  m.  There  was  a  dense  fog  next  morning,  and  while  waiting  for 
it  to  clear,  the  Bonita^  a  river  steamer,  collided  with  this  vessel  and 
received  considerable  damage.  Our  injury  was  slight  and  was  repau'ed 
by  the  crew.  The  Albatross  was  opened  to  visitors  at  10  a.  m.,  Sep- 
tember 28,  and  every  day  thereafter, between  10  a.  ni.  and  4  p.m., until 
the  evening  of  October  9.  The  decks  and  laboratories  were  literally 
p943ked  with  people,  anxious  to  see  the  various  specimens  of  marine 
life.  Many  of  them  showed  great  interest  in  the  apparatus  and  meth- 
ods of  investigation.  The  navigator  prepared  a  chart  of  the  coasts  of 
Washington  and  Oregon  on  a  large  scale,  showing  in  graphic  form  the 
results  of  the  Albatross  explorations.  It  was  jilaced  under  glass  on 
one  of  the  bulkheads  in  the  laboratory,  and  proved  of  great  interest 
generally,  and  a  veritable  revelation  to  fishermen  and  the  seafaring 
community.  Details  of  officers  and  men  were  constantly  on  duty  ex- 
plaining matters  of  interest.  Between  25,000  and  30,000  people  visited 
the  ship  during  the  twelve  days  she  was  open  tor  inspection. 

We  left  Portland  at  6  a.  m.,  October  10,  arrived  at  Astoria  at  3.50 
p.  DL,  where  we  remained  until  9  a.  m.  the  following  day,  when  we  got 
under  way  and  proceeded  to  sea.  Crossing  the  bar  at  10 :20  we  steamed 
to  the  southward,  and  at  meridian  on  the  12th  took  up  our  work  off 
Cape  Sebastian. 

Coast  of  northern  California, — We  developed  the  200-fathom  line  to 
the  southward,  until  at  1:47  a.  m.,  on  the  14th,  we  had  reached  Cape 
Mendocino,  where  we  were  compelled  to  cease  work  on  accouilt  of 
boisterons  weather.  As  the  indications  were  unfavorable  we  started 
for  San  Francisco,  under  steam  and  sail,  arriving  at  the  quarantine 
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station  at  11 :35  p.  m.  We  came  to  for  the  nighty  moving  np  off  Wash- 
ington street  the  following  morning.  We  remained  at  anchor  until 
October  25,  when,  at  11 :40  a.  m.,  we  left  for  the  Mare  Island  navy-yard, 
arriving  at  3  p.  m.  A  general  overhauling  was  commenced  imme- 
diately, the  work  being  done,  as  far  as  practicable,  by  our  own  crew. 

Results  of  operations  on  the  coasts  of  Washington^  Oregon^  and  Gali- 
fomia» — Active  operations  for  the  season  having  been  brought  to  a 
close  with  the  practical  completion  of  the  examination  of  the  coasts  of 
Washington  and  Oregon,  and  a  good  beginning  in  northern  California, 
it  may  not  be  out  of  place  to  give  here  a  brief  synopsis  of  the  general 
results.  A  large  part  of  our  work  has  necessarily  been  hydrographic, 
as  there  were  but  few  soundings  on  the  charts  and  none  outside  of  tiie 
50-fiathom  curve.  Lines  of  soundings  were  run  offshore  at  intervals  of 
5  to  10  miles,  defining  the  200-fathom  curve  from  Cape  Flattery  to  the 
vicinity  of  Cax>e  Mendocino.  More  detailed  examinations  were  made  in 
several  localities  hereafter  mentioned.  The  fisheries  will  be  prosecuted 
inside  of  100  fathoms  on  the  Pacific  coast  for  years  to  come,  and  while 
for  obvious  reasons  our  investigations  extended  to  the  200-fathom  line, 
we  will  limit  the  discussion  to  areas  within  the  former  depth. 

The  soundings  off  Cape  Flattery  were  irregular,  and  suggested  the 
existence  of  submarine  ridges  lying  parallel  with  the  coast;  and  be- 
tween the  cape  and  Flattery  Bocks,  lying  about  10  miles  from  shore,  a 
semicircular  depression  was  found  having  depths  from  100  to  nearly 
200  fathoms;  thence  to  Yaquina  Head  the  depths  increase  regularly, 
with  the  exception  of  the  rocky  patch  or  bank  off  Grays  Harbor  and 
Shoalwater  Bay,  where  elevations  of  a  few  fathoms  were  found.  Be- 
tween Yaquina  Head  and  IJmpquah  River  lies  a  submarine  plateau, 
triangular  in  form,  with  depths  less  than  100  fathoms,  Heceta  Bank 
marking  its  southwestern  extremity.  Thence  to  Cape  Mendocino  the 
soundings  were  quite  regular. 

The  100-fathom  curve  forms  an  irregular  line,  at  varying  distances 
from  shore,  as  shown  by  the  following  table: 

DUianoe  of  ike  lOO-faihom  curve  from  9hore, 


Locality. 

Hilea. 

Locality. 

MilM. 

Cane  FlatteiT... 

40 
18 
30 
20 
18 
27 
11 
20 

Sinalaw  Biver 

40 

12 

7 

10 

10 

20 

0 

9 

Cane  JoluiHon  ... ........ 

CaDC  Gregorv 

OravB  Harbor. . ........... 

CapeOrford 

Shoalwater Hav .-  .  .   .... 

Oaoo  Soba-stian ......  t-^ tt-- 

Columbia  Hiver ■ 

Tillamook  Rock 

Croscent  Citv 

Klamath  River 

Caoo  LiOokont ....... 

Trinidad  Head 

YanaJinA Head  .-t 

Cape  Mendocino,  about 

These  cover  an  area  in  round  numbers  of  3,700  square  miles  on  the 
coast  of  Washington,  4,750  square  miles  on  the  Oregon  coast,  and  1,160 
square  miles  in  northern  California,  a  total  of  9,610  square  miles. 
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Fisliery  investigations  have  been  carried  on  from  the  vicinity  of  Cape 
Kattery  to  Gape  Orford.  The  various  species  of  fish  were  fonnd  gen- 
erally distributed  along  the  coast,  occarring  in  greater  numbers  on  the 
banks  hereafter  mentioned.  There  was  a  notable  absence  of  fish  in  the 
immediate  vicinity  of  rocks  inhabited  by  sea  lions  and  lying  near  the 
coast  where  the  line  fishermen  wonld  naturally  expect  to  find  employ- 
ment. Thexe  were,  however,  exceptions  to  this  rule,  as  good  fishing  was 
found  on  Orford  Beef  in  close  proximity  to  numbers  of  these  animals.  A 
table  of  fishing  stations  is  appended,  showing  the  species  taken  at  each 
station,  and  for  convenience  of  reference  the  \(rork  of  last  season  is 
included. 

The  fishing-banks  in  the  region  under  discussion  are  few  and  of  small 
extent.  Commencing  with  the  most  northeni.  Flattery  Bank  has  an  area 
of  about  1,100  square  miles,  the  least  water,  27  fathoms,  being  found  at 
its  southeastern  extremity,  11  miles  W.  by  K  (magnetic)  from  Cape 
Flattery  light-house.  Halibut  and  other  species  of  fish  have  been 
taken  from  this  bank  in  large  numbers  for  many  years.  The  area  over 
which  they  are  found  in  greatest  abundance  is  about  35  square  miles, 
on  an  exceedingly  rough,  rocky  bottom,  near  the  southeast  end.  A 
small  bank  lies  W.  by  S.  (magnetic),  23  miles  from  Toke  Point  light- 
house, covering  an  area  of  110  square  miles,  with  a  least  depth 
of  42  fathoms,  sand,  mud,  and  rocky  patches,  over  which  the  depths 
vary  to  the  extent  of  a  few  fathoms.  Another  small  bank  or  rocky 
patch  lies  8SW.  J  W.  (magnetic),  19  miles  from  Taquina  light- 
house. It  covers  an  area  of  about  40  square  miles,  the  least  water 
found  being  42  fathoms,  clay  and  mud,  with  rough,  rocky  patches. 
Heceta  Bank  lies  SW.  ^  W.  (magnetic),  35  miles  from  Heceta  Head,  and 
covers  an  area  of  about  600  square  miles.  The  least  water,  41  fathoms, 
is  found  near  its  southern  end,  over  a  rough,  rocky  bottom. 

The  following  appliances  were  used  by  the  Albatross  for  taking  fish, 
viz:  Seines,  gill  nets,  beam  trawls,  trawl  lines,  and  hand  lines  from  the 
vessel  and  from  small  boats.  The  grains  and  harpoon  were  used  also, 
and  the  submarine  electric  light  was  utilized  in  collecting  minute  forms. 
This  was  effective  in  attracting  mackerel  off  the  Eevillagigedo  Islands 
and  in  the  Gulf  of  California. 

Halibut  were  plentiful  on  Flattery  Bank,  and  scattering  specimens 
were  taken  off  Flattery  Bocks,  Tillamook  Rock,  and  on  Heceta  Bank. 
The  various  sx)ecies  of  rock-cod  were  found  generally  along  the  coast, 
as  well  as  on  the  banks.  Flounders  were  found  everywhere ;  most  plen- 
tifully, however,  between  50  and  100  fathoms.  The  plateau  before  men- 
tioned is  particularly  rich  in  flatfish,  and  will  be  the  favorite  ground 
for  the  beam  trawl  when  that  method  is  introduced.  Eight  species  of 
edible  flounders,  including  the  delicious  deep-sea  sole,  were  taken  on 
this  plateau.  Cultus-cod  were  on  all  the  banks  and  on  Orford  Reef; 
black-cod  were  in  the  deeper  waters,  and  half-grown  specimens,  with 
Ungj  or  Pacific  whiting,  were  found  in  moderate  depths.    Laxg^  x^ 
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prawns  of  excellent  quality  were  taken  frequently  in  tbe  beam  trawl, 
and  do  not  seem  to  be  confined  to  any  particular  depth. 

The  sea  fishermen  have  much  to  contend  with  on  the  coasts  of  Oreg^on 
and  Washington.  Gales  are  of  rare  occurrence  during  the  summer 
months,  yet  the  coast  winds,  blowing  constantly  from  the  northward, 
keep  up  a  boisterous  sea  and  strong  currents.  During  the  fall  and 
winter,  southeasterly  gales  are  frequent,  and  there  being  none  but  bar 
harbors  on  the  coast,  they  can  not  be  entered  in  bad  weather;  hence 
the  unfortunate  fisherman  is  obliged  to  go  to  sea  and  lay  it  out.  The 
distance  from  a  market  and  the  excessively  high  price  of  ice  are  other 
obstacles  to  be  contended  with  by  the  fishermen. 

Surface  life  was  quite  abundant,  x)articularly  diuing  fair  weather. 
Whales  were  seen  neaily  every  day,  and  occasional  schools  of  porpoises; 
while  close  in  shore,  sharks  were  of  frequent  occurrence.  Gulls,  gonies, 
and  petrels  were  flying  about,  and  huge  flocks  of  black  fulmars  were 
observed  on  several  occasions. 

Mare  Island  Navy-  Yard, — Tlie  work  of  overhauling  and  refitting  pro- 
ceeded without  incident  worthy  of  mention  until  the  evening  of  De- 
cember 23,  when  an  accident  occurred,  resulting  in  the  drowning  of 
three  members  of  our  crew  and  a  civilian.  The  night  was  exceedingly 
dark  and  stormy.  At  7  p.  m.  a  small  boat  containing  9  men  left  the 
side  for  Yallejo,  and  5  minutes  later  swamped  in  midstream.  Boat-s 
from  the  U.  S.  S.  Thetis  rescued  5  men,  but  nothing  was  seen  of  the 
others,  although  boats  from  the  varitms  ships  were  on  the  spot  within 
a  few  minutes  and  the  search  continued  well  into  the  night.  The 
names  of  the  drowned  were  R.  S.  Padgett,  machinist;  J.  Enright,  sea- 
man; W.  W.  Lee  (colored),  seaman;  Walter  Philippi,  civilian.  The 
latter  was  a  cripple  who  was  in  the  habit  of  visiting  the  ship  to  sell 
newspapers  to  the  crew.  The  remains  of  John  Enright  and  Walter 
Philippi  were  subsequently  recovered.  The  former  was  buried  in  the 
naval  cemetery  at  Mare  Island  and  the  grave  marked  by  a  neat  head- 
stone furnished  by  the  Coast  Seaman's  Union,  of  which  organization 
he  was  a  member.    Philippi  was  buried  by  his  parents  in  San  EafaeL 

Ensign  H.  E.  Parmenter  was  detached  January  8, 1890,  and  ordered 
to  the  Charleston,  Lieut,  C.  G.  Calkins,  U.  S.  iTavy,  reported  for  duty 
on  the  9th,  relieving  Ensign  Marbury  Johnston  as  executive  officer 
and  navigator,  the  latter  having  performed  those  duties  since  the  de- 
tachment of  Lieut.  Waring  a  year  ago. 

We  coaled  ship  March  3  and  4,  and  at  9 :40  the  following  morning 
left  the  yard  and  steamed  out  into  San  Pablo  Bay  to  try  the  engines 
and  dredging  apparatus.  Two  hauls  of  the  trawl  were  made  near  the 
Brothers,  and  at  2 :40  p.  m.  we  reached  the  navy- yard  and  moored  to  a 
buoy  in  the  stream.  Everything  worked  fairly  well  during  the  trial 
trip,  a  few  minor  matters  only  requiring  adjustment. 
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We  left  the  navy-yard  at  9:40  a.  m.,  March  10,  and  proceeded  to  sea. 
Grossing  the  bar  at  2  p.  m.,  we  lowered  the  trawl  ten  minutes  later  in 
20  fathoms,  and  notwithstanding  a  heavy  westerly  swell  succeeded  in 
running  a  line  of  dredgings  to  the  South  Farallones.  There  we  hove  to 
for  the  night,  rolling  and  tumbling  about  in  the  heavy  swell,  to  the 
great  discomfort  of  all  hands. 

Resuming  work  at  daylight  the  following  morning,  we  extended  our 
explorations  to  the  southward  in  depths  ranging  between  391  fathoms, 
16  miles  S.  i  E.  from  South  FaraUon  light,  and  20  fathoms,  3  miles  N W. 
i  W.  from  Pigeon  Point.  After  the  last  haul  was  completed  we  ran  off 
shore  a  few  miles  and  lay  to  until  5:46  the  following  morning,  when 
operations  were  resumed  by  casting  the  trawl  in  296  fathoms,  fine  gray 
sand,  Pigeon  Point  light  bearing  NB.  by  E.  f  E.,  18.8  mUes.  Working 
to  the  southward  as  before,  twelve  stations  were  occupied  during  the 
day,  the  last  one  being  6.8  miles  WN'W.  i  W.  from  Santa  Cruz  light- 
house. The  weather  moderated  until  at  sunset  the  sea  was  quite  smooth. 
We  anchored  at  5:55  p.  m.  off  Santa  Cruz,  where  good  protection  is 
afforded  from  the  coast  winds. 

Mr.  Alexander  was  landed  at  daylight  on  the  13th  to  continue  his 
fisheries  investigations.  At  6  a.  m.  we  got  under  way  and  made  a  line 
of  soundings  and  dredgings  across  the  outer  extremity  of  Monterey 
Bay,  finally  anchoring  off  the  old  town  of  that  name.  The  naturalists 
were  employed  in  shore  coUectiug  until  noon  on  the  14th,  when  we  left 
the  anchorage  and  made  a  series  of  dredgiugs  across  the  bay  in  from  9 
to  48  fathoms,  following  the  general  direction  of  the  coast  line,  finally 
anchoring  off  Santa  Cruz  at  6:23  p.  m. 

Getting  under  way  at  6:20  next  momiug,  we  examined  a  rocky  area 
off  Santa  Cruz  on  which  a  number  of  fishing  boats  were  employed. 
The  Coast  Survey  chart  gave  no  indications  of  rocky  bottom,  and  our 
attention  was  called  to  it  by  the  presence  of  fishermen.  The  center 
of  the  bank  is  2  miles  SSW.  from  the  light-house  and  the  bank  has  an 
area  of  about  14  square  miles,  the  depths  ranging  from  8  to  20  fathoms. 
Having  completed  the  examination  of  the  bank,  we  ran  a  line  of  dredg- 
ings t<o  the  northward  in  moderate  depths  as  far  as  Pigeon  Point,  the 
last  haul  being  finished  at  5 :43  p.  m.,  when  we  started  for  port,  anchor- 
ing off  Saucelito  at  11 :25  p.  m.  We  were  under  way  again  at  daylight 
on  the  16th,  and  reached  the  navy-yard,  Mare  Island,  at  8:20  a.  m. 

Thick  rainy  weather  prevailed  until  the  19th,  when  we  ran  down  to 
San  Francisco,  took  on  board  92  tons  of  coal  on  the  20th,  and  at  9:40 
the  following  morning  got  under  way  and  proceeded  to  sea.  At  12 :50 
p.  m«  we  cast  the  trawl  in  21  fathoms,  fiue  gray  sand.  Point  Bonita 
bearing  NE.  by  E.  |  E.,  distant  9.8  miles,  and  ran  a  line  of  dredgings 
to  the  westward  until  3:50  p.  m.,  when  we  swung  ship  under  steam  for 
compass  errors.    The  dredgings  were  then  continued  in  the  direction 
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of  Point  Reyes,  and  at  6:15  we  anchored  in  Drake  Bay  for  the  night. 
Getting  under  way  at  6 :15  the  following  morning,  a  line  of  dredgings 
was  ran  to  iN^oonday  Bock,  and  the  region  examined  with  dredge, 
tangles,  and  hand  lines.  The  beam  trawl  was  used  westward  of  the 
bank  to  depths  exceeding  500  fathoms.  Work  continued  until  8  p.  m., 
when  we  steamed  slowly  inshore  and  lay  to  within  the  range  of  Point 
Ileyes  light.  The  weather  was  unsettled,  with  frequent  showers,  and 
the  wind  increased  during  the  night.  Work  was  resumed  at  daybreak 
next  morning,  however,  and  a  line  of  dredgings  run  to  the  vicinity  of 
Point  Reyes.  Wind  and  sea  having  increased  until  it  was  too  boister- 
ous to  continue  work,  we  came  to  in  Drake  Bay  at  9:30  a.  m.  Seining 
and  fishing  parties  went  out,  but  the  swell  outside  and  the  surf  on  the 
beach  rendered  operations  exceedingly  difficult. 

The  wind  and  sea  moderated  during  the  night,  and  at  6:10  on  the 
morning  of  the  24th  we  got  under  way  and  steamed  to  Cordell  Bank. 
A  trawl  line  was  set  and  a  boat  anchored,  having  mast  and  flag  to 
serve  as  a  central  point  from  which  soundings  were  taken  at  intervals 
of  one  mile,  over  a  rough  rocky  bottom,  and  the  tan^es  were  hauled 
occasionally.  Hand  lines  were  used  from  time  to  time,  but  the  swell 
and  strong  current  made  it  difficult  to  keep  them  on  the  bottom.  Rock* 
cod  were  taken  at  most  of  the  stations,  but  not  in  great  numbers.  Our 
examination  showed  rocky  patches  extending  somewhat  farther  than 
indicated  by  the  chart,  except  in  a  westerly  direction,  wh^e  the  depths 
increased  rapidly  with  a  bottom  of  green  mud.  The  trawl  lines  brought 
up  45  rock-cod,  averaging  6^  pounds,  and  2  oultus-cod,  weighing  25 
pounds  each. 

Starting  about  4  p.  m.,  we  ran  a  line  of  soundings  to  Point  Arena, 
where  we  commenced  to  develop  the  200-fathom  line.  Work  was  con- 
tinued until  9 :46  a.  m.  on  the  25th,  when  bad  weather  forced  us  to  cease 
operations;  and,  rather  than  lay  out  a  gale,  we  ran  for  port,  anchoring 
oft'  Saucelito  at  9:35  p.  m.,  crossing  over  to  San  Francisco  the  following 
morning. 

The  weather  clearing  on  the  27th,  we  left  port  at  6 :20  p.  m.  and, 
steaming  to  the  northward,  took  up  our  work  oft*  Wallalla  Point,  at  5:40 
on  the  morning  of  the  28th,  developing  the  200-fathom  line  to  the  south- 
ward as  far  as  Russian  River,  where  a  series  of  dredgings  was  made 
over  smooth  sand  or  mud  bottom,  quite  rich  in  the  various  species  of 
flatfish.  The  last  haul  was  finished  at  10  p.  m.,  when  we  lay  to  for  the 
night,  the  weather  beiug  overcast  and  rainy.  Resuming  work  at  day- 
light next  morning,  March  29,  a  line  of  dredgings  was  run  to  Point 
Reyes,  and  thence  to  the  vicinity  of  Point  Bonita.  We  then  entered 
the  Golden  Gate,  and,  at  2:30  p.  m.,  anchored  in  the  harbor  of  San 
Francisco,  where  the  ship  was  coaled. 

At  4:10  p.  m.  on  April  2,  we  got  under  way  and  proceeded  to  sea. 
Standing  to  the  southward  under  steam  and  sail,  we  passed  Pigeon 
Point  light  at  9 :49,  and  at  11 :40  cast  the  lead  in  208  fathoms,  the  light 
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above  mentioned  bearing  N.  $  W.,  distant  14.5  miles.  This  was  the 
firnt  of  a  series  of  soundings  extending  across  Monterey  Bay  to  the 
Tidnity  of  Cypress  Point.  The  maximum  depth  was  958  fathoms. 
We  cast  the  trawl  at  7:40  a.  m.,  April  3,  off  Point  Oarmel,  and  the  work 
of  sounding  and  dredging  continued  until  11 :45  p.  m.,  when,  the 
weather  becoming  misty,  we  lay  to  till  daylight,  within  sight  of  Piedras 
Blancas  light. 

Work  was  resumed  at  5:10  on  the  morning  of  the  4th,  and  carried  to 
l^e  vicinity  of  San  Simeon  Bay,  where  we  anchored  at  12:35  p.  m.,  the 
weather  having  become  very  boisterous.  Seining  and  fishing  parties 
were  out  during  the  afternoon,  meeting  with  fair  success.  The  wind  was 
light  firom  the  northwest  next  morning,  increasing  to  a  stiff  breeze  in  the 
afternoon,  with  a  heavy  swell.  We  were  under  way  at  5 :30,  and,  with 
Oke  lead  and  beam  trawl,  extended  our  examination  southward,  defining 
the  100  and  200  fathom  lines  across  the  open  bay  of  Esteros  to  Point 
Buchon,  and  thence  to  Point  San  Luis.  Soundings  were  continued 
throughout  the  night,  a  ftdl  moon  making  it  practicable  to  locate  sta- 
tions. A  succession  of  heavy  tide  rips  was  encountered  while  at  work 
off  Esteros  Bay,  which  were  noticeable  from  the  fact  that  there  was 
but  little  wind  or  sea. 

We  were  off  Point  Arguello  at  midnight  with  a  fresh  breeze  and 
heavy  swell,  making  it  difficult  to  carry  on  our  work,  but  soundings 
were  continued  to  the  southward  to  the  vicinity  of  Point  Conception, 
and  a  series  of  dredgings  made  during  the  day  in  the  deep  waters  of 
Santa  Barbara  Channel.  The  subsidence  of  wind  and  sea  after  pass- 
ing Point  Conception  and  entering  the  channel  was  quite  noticeable. 
Having  finished  work,  we  ran  into  Santa  Barbara,  and  anchored  at 
5K^  p.  m.  The  naturalists  were  engaged  in  shore  collecting  until  noon 
the  next  day,  the  7th,  when  we  got  under  way  for  Santa  Rosa  Island. 
The  wind  was  light  when  we  left  the  anchorage,  but  a  fresh  breeze 
was  encountered  in  midchannel,  which  soon  increased  to  a  moderate 
gale  with  a  heavy  head  sea,  until  we  got  under  the  lee  of  the  land. 
We  anchored  in  Becher  Bay  at  4:05  p.  m.,  and  the  vessel  and  rigging 
were  soon  covered  with  fine  sand,  blown  from  the  island.  The  wind 
was  too  high  to  admit  of  landing,  but  having  moderated  during  the 
night  the  collectors  were  out  at  daylight,  returning  at  9:30,  when  we 
left  our  anchorage  and  steamed  to  the  northward  against  fresh  coast 
winds  and  a  heavy  swell,  which  reduced  the  speed  about  2  knots  an 
hour.  We  passed  Point  Conception  at  3 :15,  and  made  Piedras  Blancas 
light  at  1  a.  m.  on  the  9th.  The  region  between  Point  Sur  and  Lopez 
Point  was  passed  at  night  going  south,  and  the  soundings  intended 
to  define  the  200-fathom  line  ranged  from  293  to  426  fathoms,  though 
not  more  than  5  miles  from  shore.  To  define  the  line  more  accurately, 
we  made  another  series  of  soundings  from  2  to  3  miles  from  land,  which 
still  exceeded  the  depth. 
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)  The  naturalists  were  anxious  to  make  further  examinations  of  the 
shores  of  Monterey  Bay,  and  to  give  them  an  opportunity  to  do  so  we 
ran  in  and  anchored  off  the  town  at  4:20  p.  m.,  remaining  until  8:40  on 
the  11th,  the  time  being  utilized  in  shore  collecting,  seining,  etc.  Leav- 
ing the  harbor  at  the  time  mentioned,  we  sounded  an  hour  later  iu  881 
fathoms,  rocky  bottom,  Point  Piuos  bearing  ESE.  J  E.,  distant  8J 
miles,  with  decreasing  depths  and  soft  mud  bottom  in  every  direction. 
Submarine  currents  must  sweep  across  this  station  with  sufficient  force 
to  expose  the  bedrock.  Two  hauls  of  the  trawl  were  made  in  the  sub- 
marine valley  off  Monterey  Bay,  and  we  then  steamed  into  Santa  Cruz, 
anchoring  at  7:30  p.  m.  Oetting  under  way  at  4:45  next  morning, 
April  12,  we  steamed  out  to  the  200  fathom  line  and  made  a  series  of 
dredgings,  working  to  the  northward.  The  coa«t  wiud  was  blowing 
very  fresh,  with  a  heavy  sea,  which  seriously  interfered  with  our  work. 
The  results,  however,  were  quite  satisfactory.  The  last  haul  was  fin- 
ished at  6 :37  p.  m.,  when  we  stai*ted  for  port,  arriving  at  the  navy-yard, 
Mare  Island,  at  5:50  a.  m.,  April  13.  The  return  of  the  vessel  to  the 
yard  completed  the  work  on  the  Oalifomia  coast  for  the  season,  and 
preparations  were  at  once  begun  for  the  northern  cruise. 

Results  of  operations  on  the  coast  of  California, — ^Active  operations  off 
the  Oalifornia  coast  continued  from  March  10  to  April  13,  and  while 
the  total  results  can  not  be  given  until  the  scientific  branches  are  worked 
up,  we  can  state  in  a  general  way  what  has  been  accx)mplished.  In 
hydrography,  236  soundings  were  taken,  between  Point  Arena  and  the 
Santa  Barbara  Channel.  Many  of  them  were  for  the  sole  purpose  of 
ascertaining  ocean  depths  outside  of  soundings  given  on  the  Coast  Sur- 
vey charts,  while  others  were  preliminary  to  trawl  or  dredge  hauls.  It 
has  been  our  purpose  to  establish  the  200-fathom  line  as  the  maximum 
depth  in  which  deep-sea  fishing  can  be  profitably  prosecuted,  and  within 
which  are  located  the  fishing-grounds  of  the  Pacific  coast. 

Commencing  at  Point  Arena,  the  200-fathom  curve  lies  almost  12 
miles  from  shore,  and  extends  in  nearly  a  straight  line  to  14  miles  off 
Salt  Point,  20  miles  ofi*  Russian  Eiver,  and  26  miles  off  Tomales  Point 
The  bottom  is  composed  of  alternating  patches  of  black  sand  and  green 
mud,  the  latter  extending  almost  invariably  between  100  and  200 
fathoms.  The  otherwise  smooth  bottom  is  obstructed  by  occasional 
stony  patches,  usually  between  depths  of  40  to  70  fathoms,  seldom 
indicated  by  the  lead  but  encountered  by  the  beam  trawl.  From  Point 
Reyes  to  the  200fathom  curve  outside  of  Cordell  Bank,  it  is  21  miles. 
This  same  depth  is  found  3  miles  outside  of  Noonday  Bock,  4  miles 
from  North  Farallon  and  5  miles  from  South  Farallon,  increasing  ab- 
ruptly from  the  100-fathom  line.  The  curve  gradually  approaches  the 
coast  to  the  southward  of  the  Farallones,  and  from  25  miles  off  Pillar 
Point  it  narrows  to  16  at  Pigeon  Point.  The  line  sweeps  inward 
abruptly  at  Alio  Nuevo,  and  at  El  Jarrow  Point  it  is  but  8  miles  from 
shore,  maintaining  this  distance  until  off'  Santa  Cruz. 
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Six  lines  of  soondings  were  made  across  Monterey  Bay,  three  inside 
and  three  outside  of  a  line  drawn  from  Point  Pinos  to  Santa  Cruz, 
deyeloping  the  great  submarine  valley  which  begins  at  the  mouth  of  the 
Salinas  River.  It  was  supposed  to  lie  in  a  west-southwesterly  direc- 
tion,  as  indicated  by  inshore  soundings;  but  our  observations,  while 
not  sufficiently  extended  to  define  it  positively,  show  it  to  trend  S.  by 
W.  oflf  Cypress  Point,  with  a  depth  of  950  fathoms  8  miles  from  land. 
Less  water  was  found  to  the  northward  and  westward  farther  off  shore, 
where  there  is  an  elevation  of  about  200  fathoms.  Further  examina- 
tion of  this  ridge  or  plateau  is  desirable. 

From  245  fathoms  less  than  1.5  miles  from  Cypress  Point,  the  line  of 
equal  depth  gradually  leaves  the  coast  until  west  from  Point  Sur  it  is 
between  9  and  10  miles  from  shore.  Drawing  in  abruptly,  293  fathoms 
was  found  5  miles  southwest  from  the  point,  with  36  fathoms  little  more 
than  a  mile  inside  of  it.  Thence  to  Lopez  Bock  the  shore  is  exceedingly 
bold,  the  200-fathom  line  approaching  within  2  miles  or  less,  then 
diverging  slightly  until  off  Piedras  Blancas  it  is  between  6  and  7  miles 
from  the  point.  This  stretch  of  coa-st  from  Carmel  Point  to  Piedras 
Blancas  is  entirely  open  and  exposed  to  the  full  power  of  the  ocean 
swell,  which  causes  a  tremendous  surf,  even  with  the  ordinary  coast 
winds.  Slight  protection  may  be  found  under  Point  Sur,  but  even  that 
can  not  be  depended  upon  in  bad  weather.  Southward  from  Piedras 
Blancas  the  character  of  the  coast  line  changes  materially,  and  there 
are  various  i^oints  where  fairly  good  anchorage  may  be  found.  San 
Suneon  Bay  affords  the  best  protection  north  of  San  Luis  Obispo. 

As  the  shore  line  becomes  less  abrupt,  shoal  water  extends  farther 
seaward,  200  fathoms  being  found  7  miles  off  San  Simeon  Point,  about 
10  miles  off  Point  Esteros  and  Point  Buchon,  and  between  13  and  14 
miles  off  Point  San  Luis;  then,  sweeping  a  little  seaward  off  Points 
Sal  and  Purisima,  it  approaches  within  about  8  miles  of  the  bold  head- 
land of  Point  Arguello  and  10  miles  from  Point  Conception. 

The  character  of  the  bottom  is  so  uniform  along  the  coast  that  it  may, 
for  our  purpose,  be  treated  in  a  general  way.  The  area  between  the 
Golden  Gate,  Point  Pillar,  the  Farallones,  and  Point  Reyes  is  sandy 
and  free  from  rocks  and  stony  patches,  except  in  the  immediate  vicinity 
of  the  islands  or  shore  line.  Southward  from  Pillar  Point,  rocky  patches 
near  the  shore  will  be  frequently  found,  with  fine  gray  sand  farther  off, 
which  finally  merges  into  green  mud  at  varying  distances  from  the  land. 
There  are  stony  patches  also,  usually  between  30  and  70  fathoms,  on 
sand  or  mud  bottom,  apparently  the  result  of  drift.  The  green  mud 
has  a  strong  odor,  which  is  occasionally  offensive. 
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The  results  of  the  fishing  trials  will  be  discussed  at  length  in  the  re- 
port of  the  Fishery  Exjiert,  yet  it  may  not  be  out  of  place  to  give  a 
brief  summary  of  the  same  in  this  connection.  One  hundred  and  eleven 
dredging  and  fishing  stations  were  occupied.  The  principal  fishes  found 
inside  the  50-fathom  curve  are  enumerated  in  the  following  table,  and 
those  taken  both  inside  and  outside  of  that  line  are  given  in  the  second 
table. 

Principal  fishes  found  inside  of  the  SO-fathom  line. 


Common  name. 

Systematic  name. 

Abundance. 

FlonndflTB 

Hippofflossoides  exilis 

Abundant. 

Do. 

Do. 

Do. 
Common. 

Do. 

Do. 
Rare. 

Few  small  ones. 
Rare. 
Common. 

Do. 
Few. 
Common. 

Do. 

Do. 
Very  abundant 
Common. 

Do. 

Do. 
Few. 
Common. 

Do. 

Do. 

Do. 

Do. 

Do. 
Rare. 

Do. 

Do. 
Very  abundant. 

Do. 

Do. 

Do 

Citbarichtb vs  sordidus 

Do 

Psjronhrvs  vetulns 

£ionff-fin  sole 

GlvntooeDhalus  aachirus 

Turbot 

Pieuronichthys  decurrens 

Kan  Franciaoo  sole 

Psettichth  vs  melanostictua 

Do      , 

'RnnHnttA  lordftni .    _ 

Halibut- ^,- -r '  A tlif r««tlie«  HtomiaA 

Di^en-aAA  solo .............. 

Microstorans  naciflcns 

Flounder  ................... 

Citharichthvs  atiffmsBUS 

Anchow            ... 

Stoleohoras 

ILonoiidor .... ............ 

Gen voiiemus  lineatus 

Tomood 

Mi^'.r'iflrJidttS  proiimna 

Smelte 

Athermopsis,  and  oUier  speoiea 

Abeoua,  aud  other  species 

Perches.  .................... 

I^tflsh 

Chimiera  collei 

Midshinmen 

Porichthys  porosissimus 

Hmr  eel 

Mvxine  elntinosa 

Cnltuii>cod. 

ZanioleiHS  latininnia 

Kelated  new  species 

Onhiodon  eloniratus 

Red  rockflsh 

Sebastodes  ruber 

Oriinire  rockflsh  ............ 

Sobastodes  pinnitrer 

Yollow-tail  rockflsh  -   - 

Sebastodos  ilaviaus 

Vermillion  rookflsh 

Sebastodea  miniatus 

Rockflsh 

Sebastodes  elouiratua 

Do 

Sebastodea  auriculatus 

Do 

Sebastodee  eoodei 

Do 

Sebastodea  chlorsticfcna 

Do 

Sebastodes.  new  species 

Do 

do 

Do 

do 

Do 

do 

Also  many  small  sjMcies  not  yet  named. 
PrinciptU  fishes  found  outside  of  the  SO-fathom  line* 


Common  name. 


Deep-sea  sole 


Halibut  (flounder) 
Long-fln  sole 


Black-cod  ... 
Redflsh  ....V 
Rockflsh 

Do 

Do 


Eel  pouts  (six  species) . 


Systematic  name. 


Microstomas  paciflcus. 


Atheresthes  stomias 

Ql3rptocephalus  saohirns 


Anoplopoma  fimbria. 

Sebastolobus 

Sebastodes,  new  species 

do 

do 

Macrurns,  three  speotea 

Chanliodus 

Careproctua 

Alepocephalus 

Myctophum  townsendi . 
Lycodes,  rare  species . . . 


Stemoptyx 


Abundance. 


Abundant  in  200 

fathoms. 
Rare. 
Common    in    1(K) 

fathoms. 
Common. 
Abundant. 

Do. 

Do. 

Do. 
Few. 

Do. 

Do. 

Do. 
Common. 
Large  specimens. 
Abundant. 
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Sboal-water  species  were  regularly  distributed,  flounders  being  the 
principal  feature  of  every  haul.  Small  specimens  of  deep-sea  sole, 
Microstomns  pacificu^j  were  found  in  50  fathoms  and  less,  probably  the 
young  of  the  species  so  plentiful  in  greater  depths,  and  described  by 
Lockington  from  immature  specimens  taken  in  shoal  water.  Tlie  long- 
finned  sole,  Glyptocephalus  zachirus,  was  found  from  the  shore  to  100 
fathoms,  the  finest  specimens  in  the  latter  depth.  These  two  flounders 
approach  nearest  in  edible  qualities  to  the  European  sole  of  any  fish 
on  the  Pacific  coast.  The  flesh  of  mature  specimens  is  white,  gelatin- 
ous, and  exceedingly  delicate  in  flavor.  From  experiments  made  on 
board  this  vessel,  they  were  found,  when  kei>t  on  ice,  to  improve  until 
the  fourth  day,  but  deteriorated  after  the  seventh.  They  can  be  taken 
only  with  the  beam  trawl,  or  other  form  of  drag  net. 

Invertebrates  found  along  shore  and  to  the  100-fathom  line  difier 
from  those  of  corresponding  depths  on  the  Oregon  and  Washington 
coasts.  The  edible  red  prawns,  so  abundant  north,  entirely  disappear 
in  this  region,  and  shrimps  take  their  place  to  a  limited  extent.  Large 
prawns,  6  or  8  inches  in  length,  were  obtained  occasionally  in  depths 
of  50  fathoms  or  more. 

The  common  edible  crab.  Cancer  magiHter^  is  abundant,  and  grows 
larger  than  it  does  farther  north.  Smaller  speci(^s,  Cancer  antenna- 
rius  and  Cancer  productuSj  both  ed:'>ie,  common  along  the  shores,  were 
not  met  with  north  of  the  California  boundary.  Very  few  sea-urchins 
were  taken  in  shoal  water.  Gup  corals,  as  well  as  hydrocorallinae, 
were  met  with  on  rocky  or  stony  bottoms.  Several  small  species  of 
alcyonarians  and  comatulse  were  abundant.  Ophiurans  and  astrophy- 
tons  were  found,  but  not  in  as  great  numbers  or  variety  of  species 
as  in  more  northern  waters.  Gorgonian  corals  are  common  close  in 
shore.  Starfishes  appear  to  be  much  the  same  as  those  found  on  the 
Oregon  coast.  Holothurians  are  numerous  and  are  represented  by  a 
variety  of  species;  squids  and  octopi  are  common  and  usually  very 
smalL  Shells  were  a? most  invariably  small,  and  of  obscure  species; 
several  8X)ecies  of  brachiopods  were  dredged,  some  of  them  very  beau- 
tiful- Sponges  are  rather  scarce,  ascidiaus  and  bryozoans  common, 
and  annelids  abundant  and  varied  in  species. 

The  invertebrates  found  between  100  and  600  fathoms  were  greater 
in  number  and  in  variety  of  species  than  in  the  shoaler  waters  above 
described.  Sea-urchins  were  particularly  abundant,  and  a  large  pro- 
portion of  the  average  haul  was  composed  of  them,  either  a  species  of 
Schizaster  not  yet  named,  or  a  large  pinkish  urchin.  Large  and  small 
specimens  were  found  together,  but  the  species  were  seldom  mixed. 

Many  large  alcyonarian  corals  resembling  Verrillia  were  taken  in 
moderate  depths,  and  a  very  few  rare  pennatulas  and  umbellulas  came 
firom  the  deei)er  hauls.  Another  rare  polyp,  Anthomafttii^,  of  which 
we  had  previously  taken  but  a  single  specimen,  was  found  in  550  fath- 
oms. Deep-water  shells  were  not  abundant,  and  ophiuiana  ^et^  ^\>£- 
H.  Mis.  113 13 
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prisiugly  scarce;  but  holothoriaus  were  common,  a  large  brilliant-red 
species  beiug  the  most  abundant. 

Crustacea  were  common,  although  the  variety  of  species  was  rather 
limited,  and  annelids  were  also  plentiful.  A  large  crab,  resembling 
LUhodeSj  and  another  very  large,  flat-legged  species  were  most  abun- 
dant.   Annelids  were  common  and  the  species  quite  varied. 

The  surfjice  was  practically  barren  of  minute  life,  a  few  salpae  being 
about  all  that  Avouid  be  found  in  the  tow  net.  This  absence  of  surface 
life  was  due  in  great  measure  to  the  season  of  the  year.  Sea  birds 
were  about  the  shlj)  constantly,  and  an  occasional  school  of  i>orpoi8e8 
was  seen.  Sharks  were  not  plentiftil;  in  fact,  there  were  but  two  or 
three  observed  during  the  season.  Whales  were  very  common,  and 
were  reporte<l  nearly  every  day,  sometimes  in  large  numbers.  On  one 
occasion  we  steamed  slowly  into  a  school  that  were  so  busily  engaged 
in  feeding  that  they  i)aid  little  attention  to  us.  Upon  investigation  it 
Tvas  ascertained  that  they  were  devouring  a  small  globular  jellyfish, 
half  an  inch  in  diameter,  which  could  be  seen  in  immense  masses  from 
3  to  5  fathoms  beneath  the  surface.  Thousands  of  sea  birds  were  hov- 
ering over  or  around  the  busy  scene. 

INVESTIGATIONS  IN  ALASKA  WATERS,  APRIL  TO  JUNE,  1890. 

Preparatiotis  for  the  cruise. — The  vessel  was  taken  into  the  new 
stone  dry-dock  at  the  Mare  Island  navy-yard  on  April  16,  her  bottom 
scraped  and  i)ainted,  repairs  made  on  one  of  the  outboard  connections, 
and  the  old  tiller  on  the  rudder  blade  replaced  by  a  new  one.  We 
hauled  out  of  the  dock  on  the  28th.  The  commandant,  rear-admiral 
A.  E.  K.  Benham,  and  oflicers  of  the  various  departments  in  the  navy- 
yard  gave  us  every  possible  facility  for  making  repairs  and  refitting 
generally,  and  tools  and  other  appliances  required  in  the  shops  were 
freely  put  at  our  disposal.  The  assistance  rendered  made  it  possible 
to  give  the  vessel  and  her  machinery  a  thorough  overhauling  at  small 
expense.  Ensign  William  W.  Gilmer,  U.  S.  Navy,  reported  for  duty 
on  the  30th. 

The  Albatross  left  the  navy  ya^d  May  1,  at  11 :20  a.  m,,  and  anchored 
off  Washington  street,  San  Francisco,  at  2:10  p.  m.  The  IT.  S.  flagship 
Charkston,,  Acting  Hear- Admiral  George  Brown;  the  U.  S.  8.  Marion, 
revenue  steamer  Bear,  and  Coast  Survey  steamer  Hassler  were  lying 
at  anelior  in  the  harbor.  Prof.  Charles  H.  Gilbert  rejwrted  as  chief 
naturalist. 

8(1  n  Francisco  to  Bering  Sea, — ^We  left  San  Francisco  at  12:55  p.  m., 
^lay  T),  for  Bering  Sea,  via  Departure  Bay,  B.  C,  where  we  arrived 
sately  at  8:r»0  p.  ni.  on  the  9th.  The  usual  cloudy,  misty  weather  was 
encountered  with  moderate  northerly  winds  to  the  Columbia  River,  and 
southerly  breezes  thence  to  Cape  Flattery.  Whales  were  seen  daily, 
and  fur  seals  were  observed  off  Cape  Mendocino.    An  occasional  school 
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of  porpoises  passed,  always  at  a  safe  distance  from  the  ship,  and  sea 
birds  hovered  about  night  and  day.  A  solitary  shark  was  reported  off 
Mendocino. 

We  eommenced  coaling  at  10:15  a.  m.,  May  10,  and  finished  at  9:15 
a»  m.  on  the  13th,  having  taken  on  board  192  tons,  25  tons  being  in 
bags  on  deck.  At  3:15  p.  m.  the  same  day  we  left  Departure  Bay  for 
Bering  Sea. 

Schools  of  herring  were  seen  in  the  Gulf  of  Georgia  durbig  the  even- 
ing, pursued  by  sharks  and  porpoises.  Among  the  latter  several  were 
observed  with  x>6culiar  markings,  the  head,  back,  and  sides  being 
black  or  very  dark;  belly,  tips  of  fins,  and  tip  of  tail  white.  It  may 
be  a  common  sx)ecies9  but  I  do  not  remember  to  have  seen  it  before. 
Passing  Seymour  Narrows  at  5:20  the  following  morning,  we  steamed 
through  Johnstone  and  Broughton  straits,  Queen  Charlotte  Sound, 
and  Goletas  Channel,  entering  the  Pacific  at  5  p.  m.  We  were  under 
one  boiler,  as  usual,  consuming  about  12  tons  of  coal  per  day. 

The  customary  foggy  and  misty  weather  was  encountered,  with  light 
to  moderate  SB.  to  SW.  winds.  A  plover  was  captured  on  the  18th  in 
latitude  62°  45'  N.,  longitude  148°  W.  Whales  were  seen,  and  a  couple 
of  large  white  albatrosses  were  about  the  ship  for  an  hour  or  more. 
Floating  kelp  was  observed  for  the  first  time  since  leaving  Vancouver 
Island.  Light  flurries  of  snow  passed  occasionally  and  mauy  evidences 
of  our  northerly  course  were  apparent.  Gulls  were  first  noticed  on  the 
19th  and  little  auks  on  the  20th. 

The  high  land  of  Sannakh  Island  was  sighted  on  the  morning  of  the 
2Ist,  and  a  line  of  soundings  and  dredgings,  commenced  in  483  fath- 
oms, was  carried  over  the  position  assigned  to  Anderson  Eock,  and 
thence  to  the  westward  of  the  islands  through  Unimak  Pass  into  Ber- 
ing Sea.  The  weather  was  squally  and  misty  at  times  while  working 
in  the  region  of  Anderson  Bock,  but  there  were  frequent  intervals 
when  it  was  quite  clear,  and  from  the  masthead  we  commanded  a  view 
of  the  horizon  for  10  miles  or  more  in  every  direction,  but  without 
detecting  any  surface  signs  of  rocks  or  shoals;  neither  did  the  sound- 
ings indicate  anything  of  the  kind.  Our  observations  do  not  prove  the 
non-existence  of  the  danger  referred  to,  but  simply  show  tliat  it  does 
not  lie  in  the  position  indicated.  The  evidence  seems  so  conclusive  as 
to  the  existence  of  rocks  somewhere  in  that  vicinity  that  I  am  inclined 
to  the  belief  that  they  will  eventually  be  found  and  located  properly. 
Our  investigations  are  gradually  narrowing  the  limits  in  which  they 
may  be  searched  for. 

Bering  Sea* — From  Unimak  Pass  we  took  the  general  direction  of  the 
lOOfathom  curve,  carrying  our  investigations  about  80  miles  to  the 
northward  and  westward,  when  a  gale  sprang  up  from  that  direction, 
and  to  save  fael  we  turned  from  it  and  ran  a  line  of  soundings  and 
dredgings  in  the  direction  of  Unalaska,  finally  anchoring  in  Iliuliiik 
Harbor  at  7 :40  p.  m.,  May  23.    We  went  to  the  coal  wharf  as  &oq\i  ^^  \t 
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was  vacant  and  took  on  board  117  tons  of  coal  daring  the  26th  and  27th, 
filled  np  with  fresh  water,  and  made  final  preparations  for  departure. 

Bristol  Bay;  JJnalaska  to  the  KushagaJc  River. — ^At  3 :50  a.  m.,  May 
28,  we  cast  off  from  the  coal  wharf  and  proceeded  to  sea  en  route  for 
Bristol  Bay.  It  was  blowing  a  moderate  gale  from  the  southward, 
with  fog  and  mist,  which  lifted  at  intervals,  but  was  particularly  dis- 
agreeable when  crossing  the  several  passes  into  the  Pacific. 

Beaching  the  northwest  cape  of  Unimak  about  noon  the  next  day, 
we  found  it  too  rough  to  use  the  trawl  or  hand  lines,  but  ran  a  line  of 
soundings  along  the  land  to  Shaw  Bay,  where  at  5 :53  p.  m.  we  anchored 
for  the  night.  This  bay  is  open  to  the  northward,  but  affords  protec- 
tion from  all  winds  to  the  southward  of  east  or  west.  The  approaches 
are  clear,  and  the  water  shoals  gradually  to  6  fathoms,  black  sand, 
about  three-quarters  of  a  mile  from  shore.  Our  experience  in  coasting 
along  the  north  shore  of  Unimak  Island  made  it  evident  that  very  little 
dependence  could  be  placed  on  the  charts,  except  for  a  general,  though 
inaccurate,  marking  of  the  coast  line.  They  were  totally  devoid  of 
topographical  delineations  near  the  shores,  which  are,  as  a  rule,  low, 
monotonous,  and  lacking  in  striking  features  to  serve  as  landmarks. 
The  mountain  ranges  and  principal  volcanic  cones  are  indicated,  it 
is  true,  but  they  are  usually  enveloped  in  fog  or  mist,  and  are,  there- 
fore, seldom  available  for  navigating  purpose.  Overcast  or  foggy 
weather  was  so  prevalent  that  we  could  not  depend  on  making  astro- 
nomical observations,  and  hence  I  decided  to  make  a  reconnaissance 
of  the  coast  before  attempting  to  explore  the  fishing-grounds. 

Getting  under  way  at  daylight  next  morning,  we  ran  as  near  the 
land  as  prudent,  sounding  frequently,  angling  on  points,  and  locating 
features  that  might  be  useful  as  landmarks.  This  work  was  continued 
to  the  head  of  Bristol  Bay,  where  we  anchored  off  the  Naknek  River 
on  the  morning  of  the  31st.  The  naturalists  and  a  surveying  party 
spent  the  following  day  near  the  mouth  of  the  river,  the  former  in 
shore  and  shoal  water  collecting,  the  latter  in  making  a  reconnaissance 
of  the  entrance. 

Nushagah  River. — Leaving  our  anchorage  on  the  morning  of  June  2, 
a  line  of  dredgings  and  fishing  stations  was  carried  across  the  bay  to 
the  vicinity  of  Protection  Point,  where  we  arrived  at  6:45  the  same 
day.  The  charts  of  this  dangerous  region  were  of  very  little  service; 
the  land  on  both  sides  is  low  and  without  distinctive  features;  shoals 
extend  off  so  far  from  the  region  of  Etolin  Point  that  we  were  fre- 
quently forced  almost  out  of  range;  and  the  strong  uncertain  currents 
rendered  compass  courses  entirely  unreliable.  The  eye  and  lead  are, 
in  fact,  the  only  safe  guides.  The  Nushagak  pilot,  an  aged  Eskimo, 
boarded  us  at  1 :30  a.  m.,  and,  getting  under  way  at  8 :53  with  the  flood 
tide,  we  steamed  up  to  the  anchorage  above  the  native  village  of  Ekuk, 
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and  came  to  near  the  establishment  of  the  Knshagak  Canning  Company. 
A  reconnaissance  of  the  lower  river  was  commenced  by  the  officers,  and 
the  naturalists  explored  the  surrounding  regions.  Taking  Mr.  Alexan- 
der, the  fishery  expert,  with  me,  I  visited  the  four  packing  establish- 
ments, all  of  which  seemed  in  good  working  order,  waiting  for  the  first 
mn  of  salmon.  A  detailed  account  of  these  works  and  their  methods 
will  be  found  in  the  report  of  the  fishery  expert. 

I  inspected  the  site  of  the  proposed  trap  on  Wood  Biver  in  company 
with  Messrs.  P.  H.  Johnson  and  J.  W.  Clark,  the  projectors  of  the  enter- 
prise. It  is  located  about  40  miles  from  the  Nnshagak  cannery  and 
20  above  the  mouth  of  Wood  Eiver,  at  which  point  the  latter  is  a 
swift-running  stream  of  clear  cold  water,  between  700  and  800  feet  in 
width  and  10  to  14  feet  deep.  Nothing  had  been  done  yet  to  indicate 
the  extent  and  character  of  the  proposed  work.  Ten  slender  piles, 
driven  about  300  feet  from  shore,  were  all  that  could  be  seen,  but  the 
contemplated  plans  were  detailed  by  the  projectors  as  follows:  An 
open  channel  in  midstream  100  feet  in  width;  two  traps  40  feet  square, 
one  on  each  side  of  the  open  channel,  with  wings  extending  to  the  shores. 
This  arrangement  they  considered  to  be  clearly  within  the  limits  of 
the  law. 

The  west  bank  of  Wood  Eiver  is  covered  with  forests  of  spruce,  the 
larger  trees  having  been  cut  for  domestic  purposes.  It  was  from  this 
region  that  the  Russians  procured  logs  for  house-building.  There  was 
no  wood  on  the  east  bank  as  far  as  we  could  see,  the  land  on  that  side 
being  very  low  and  marshy.  The  timber  line  is  seen  on  the  west  side 
of  the  Nushagak,  5  or  6  miles  below  the  mouth  of  Wood  River,  and  is 
a  notable  feature  in  the  landscape.  The  forest  gradually  thins  out, 
trees  diminish  in  size  until  at  the  margin  they  are  dwarfed  to  mere 
shrubs,  beyond  which  there  is  nothing  but  alder  bushes,  a  few  stunted 
birches,  willows,  etc.  There  is  no  visible  cause  for  this  phenomenon, 
bat  the  line  is  distinctly  drawn.  Driftwood  along  the  shores  of  Bris- 
tol Bay,  brought  down  the  rivers  by  floods,  indicates  the  existence  of 
great  forests  in  the  interior  and  constitutes  the  sole  fiiel  supply  of  the 
natives  on  the  peninsula  and  at  other  places  in  Bering  Sea. 

Mr.  Ivan  Petroff,  United  States  census  agent  for  the  Territory  of 
Alaska,  came  on  board  on  the  morning  of  the  5th,  having  with  him  2 
kaiaks  and  3  Eskimo  boatmen,  and  reported  an  unsuccessful  attempt 
to  reach  the  Kuskokwim  Biver  via  the  inland  route  up  the  Nushagak 
and  over  the  i>ortage.  After  working  laboriously  up  the  river  sev- 
eral days  against  strong  currents,  until  in  fact  they  were  approaching 
the  portage,  his  crew  mutinied,  refusing  positively  to  go  any  further, 
thus  forcing  bim  to  return.  It  was  of  vital  importance,  he  said,  that 
he  should  reach  the  former  river  without  delay,  and,  as  there  was  no 
other  means  of  transi>ortation,  he  earnestly  requested  to  be  landed  any- 
where in  the  vicinity  of  Cape  Kewenham,  firom  which  point  he  could 
reach  the  native  settlements.    I  knew  the  importance  of  Mb  \voi:^,  ^i& 
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well  as  the  difficnlty  of  procuring  transportation  along  that  onfire- 
quented  coast^  and,  while  I  was  ander  no  direct  obligation  to  deviate 
from  my  course  on  his  account,  I  did  not  hesitate  a  moment  in  extend- 
ing the  hospitalities  of  the  ship  to  him  and  his  people  and  assuring 
him  of  every  practicable  assistance  in  prosecuting  his  work. 

Nushagalc  River  to  the  KusJcokwim  River. — We  left  the  Nushagak  on 
the  morning  of  June  7  and  ran  a  line  of  dredgings  and  fishing  stations 
across  the  bay  and  back  to  the  Walrus  Islands.  Fairly  good  cod  banks 
were  found  outside  of  the  extensive  shoals  surrounding  Gape  Gonstan- 
tine,  but  only  scattering  specimens  of  cod  were  taken  between  there 
and  the  head  of  the  bay,  and  these  were  in  poor  condition.  Beaching 
Bound  Island,  the  southernmost  of  the  group,  at  9:25  a.  m.  on  the  8th, 
we  came  to  for  several  hours  to  allow  the  naturalists  to  examine  its 
shores.  A  dense  fog  prevailed  during  the  night,  but  finally  passed  off, 
and  we  availed  ourselves  of  the  opportunity  to  locate  the  island  astro- 
nomically. Getting  under  way  at  2 :25  p.  m.,  we  c>arried  our  investi- 
gations to  the  northward  between  the  islands  and  the  mainland,  where 
the  bottom  proved  exceedingly  barren,  with  no  signs  of  codfish.  A 
black  mud,  which  we  frequently  encountered,  probably  had  something 
to  do  with  their  absence.  A  running  survey  was  made  in  passing, 
which  resulted  in  expunging  two  or  three  islands  from  the  group  and 
correcting  the  relative  positions  of  others. 

Having  cleared  the  Walrus  Islands  we  steamed  to  Hagemdster  Chan- 
nel, which  lies  between  the  island  of  that  name  and  the  mainland, 
anchoring  at  7 :30  p.  m.  to  the  westward  of  Tongue  Point,  a  long  gravel 
spit  which  makes  out  from  the  mainland.  The  tides  were  very  strong, 
but  our  anchorage  under  the  point  was  out  of  the  strength  of  the 
current.  Half  a  dozen  Eskimos  came  off  in  their  kaiaks  ready  to 
barter  anything  they  had  and  drove  quite  a  lively  trade  with  the  officers 
and  men  for  a  couple  of  hours. 

We  were  delayed  by  fog  next  morning  and  lost  several  hours  more 
by  persistently  attempting  to  follow  the  chart,  which  was  very  inac- 
curate and  constantly  leading  us  into  shoal  water;  in  fact,  the  day  was 
nearly  spent  before  we  cleared  the  channel  and  off-lying  banks.  The 
bottom  was  still  barren,  with  no  sign  of  codfish.  Work  was  carried  on 
in  a  westerly  direction  until  dark,  when  we  lay  to,  intending  to  resume 
it  at  daylight,  but  a  gale  from  SE.  sprung  up  during  the  night  and 
forced  us  to  seek  shelter  under  the  lee  of  Cape  Neweuham,  where  we 
anchored  at  3:45  a.  m.  June  10,  in  7  fathoms,  the  extreme  of  the  cape 
bearing  SE.  by  S.  magnetic.  Furious  squalls  came  down  irom  the 
mountains  and  heavy  tide  rips  surrounded  us  at  times,  but  we  rode 
them  out  safely  and  with  little  discomfort. 

The  disposal  of  our  passengers  became  a  serious  problem.  Two  of 
the  three  Eskimos  were  quite  ill,  totally  unable  to  handle  a  paddle  or 
even  help  themselves.  This  not  only  rendered  Mr.  Petroff  entirely 
heJpless^  as  far  as  the  management  of  his  kaiaks  wa^ccmeemed,  bat 
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imposed  upon  him  the  additional  harden  of  caring  for  his  invalids. 
The  necessity  of  landing  the  party  among  natives  was  too  apparent  to 
require  second  thought.  The  Kuskokwim  is  considered  the  most  difB- 
colt  and  dangerous  to  navigate  of  any  of  the  streams  visited  by  the 
vessels  of  the  Alaska  Commercial  Company  in  Bering  Seiu  We  had  no 
knowledge  of  the  region,  and  our  charts  were  not  only  inaccurate,  but 
misleading;  hence,  I  looked  upon  a  trip  up  the  river  with  no  little 
anxiety.  Getting  under  way  at  9:15  a.  m.  on  the  11th,  we  entered 
the  Kuskokwim  and  reached  a  point  10  or  15  miles  above  Goodnews 
Bay  without  accident  or  detention,  and  were  then  supposed  to  be  near 
a  native  village  at  which  the  party  wished  to  land.  Shoal  water  had 
already  driven  us  so  ^r  from  the  low,  monotonous  coast  that  it  was  dif- 
ficult to  distinguish  objects  on  the  beach,  and,  fearing  we  might  pass 
the  settlement  without  recognizing  it,  we  came  to  anchor  and  the  party, 
with  their  baggage  and  kaiaks,  was  landed  in  boats  at  a  camp  of 
native  beluga-hunters,  about  10  miles  from  our  own  anchorage.  ThOvse 
people  received  the  party  very  kindly,  assisted  in  pitching  their  tents, 
built  a  large  fire,  etc.,  and  promised  to  see  them  safely  to  the  village. 
They  agreed  also  to  furnish  new  men  in  place  of  those  who  were  dis- 
abled. Having  seen  the  party  comfortably  provided  for,  the  oMcer  in 
charge  of  the  boats  returned  to  the  ship.  We  furnished  Mr.  Petrotf 
with  everything  he  wished  or  would  accept,  and,  landing  him  among 
MendJy  natives,  left  him  to  prosecute  his  difficult  and  dangerous  task. 

Qettiag  under  way  as  soon  as  the  boats  were  hoisted,  we  steamed 
down  the  river,  but  soon  found  shoal  water  where  our  chart  gave  from 
10  to  15  fathoms.  We  followed  the  bank  or  shoal  several  miles  with- 
out result,  then  anchored  in  10  fathoms,  as  night  was  approaching  and 
the  tide  falling.  Another  trial  was  made  at  daylight,  but  the  same 
impassable  barrier  was  found  to  seaward.  The  channel  was  ox)en  in 
the  direction  of  Goodnews  Bay,  however,  and  we  availed  ourselves  of 
it,  but  were  soon  enveloped  in  a  dense  fog  and  forced  to  anchor.  We 
were  under  way  again  at  2:50  a.  m.  on  the  13th,  and  steamed  to  Cape 
Newenhara  without  difficulty  or  delay,  but  found  a  gale  blowing  out- 
side and  were  glad  to  seek  shelter  under  the  lee  of  the  land  near  our 
old  anchorage.  Thick  misty  weather  prevented  our  obtaining  obser- 
vations, but  we  took  such  angles  as  we  could  to  correct  the  chart  in 
our  immediate  vicinity,  for  it  was  woefully  out. 

Cape  Newenham  to  TJnalaska. — ^The  gale  subsided  about  noon,  and 
at  2  p.  m.  we  got  under  way  and  commenced  a  line  of  dredging  and 
fishing  stations  in  the  direction  of  Northwest  Cape  of  Unimak,  the  lack 
of  fuel  preventing  the  extension  of  our  investigations  farther  north. 
The  beam  trawl  showed  a  rich  and  varied  fauna,  but  no  codfish  were 
taken  with  the  trial  lines  until  we  were  about  30  miles  from  Cape  New- 
enham, the  great  body  of  fresh  water  flowing  from  the  Kuskokwim 
being  sufficient,  probably,  to  aecount  for  their  absence.  Soundings 
were  continued  throughout  the  short  night,  the  beam  trawl  and  trial 
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lines  being  brought  into  requisition  at  daylight,  repeating  our  experi- 
ence of  the  previous  day,  except  that  the  bottom  at  the  various  stations 
was  composed  largely  of  black  or  green  mud.  Scattering  specimens 
only  of  codfish  were  taken. 

The  sun  came  out  during  the  afternoon,  and  we  availed  ourselves  of 
the  long-sought  opjwrtunity  of  swinging  ship  for  the  purpose  of  ascer- 
taining compass  errors.  A  dense  fog  shut  down  while  we  were  taking 
the  last  azimuth,  so  we  congratulated  ourselves  on  the  success  of  the 
evolution.  Work  was  resumed  until  dark  and  sounding  continued 
throughout  the  night,  but  a  southeast  gale  sprung  up  suddenly  on  the 
morning  of  the  loth,  which  put  a  stop  to  our  work  and,  in  fact,  drove 
us  into  port  a  day  or  two  earlier  than  was  intended.  A  heavy  sea 
was  encountered,  particularly  while  crossing  the  several  passes  into 
the  Pacific,  and  we  were  obliged  to  adopt  measures  never  before  con- 
sidered necessary  on  board  of  this  vessel,  to  protect  skylights,  windows, 
etc.  Fog  and  mist  obscured  the  land  until  we  were  within  a  few  miles 
of  Iliuliuk,  Unalaska,  where  we  arrived  at  9  p.  m.  the  same  day. 

The  revenue  cutter  Bear^  Alaska  Commercial  Company's  steamers 
Dora  and  Karlukj  and  the  North  American  Trading  Company's  steamer 
Arago  were  in  the  harbor,  two  of  them  requiring  coal.  The  -Bear  left  for 
the  north  at  daylight  on  the  17th.  The  schooner  Mattie  T.  Dyer  arrived 
the  same  afternoon  and  was  seized  by  the  collector  for  illegal  sealing 
in  Alaskan  waters.  The  deputy  United  States  marshal  made  written 
api)lication  on  the  18th  for  assistance  in  removing  the  captured  schooner 
to  a  place  of  safety,  and  in  compliance  with  his  request  she  was  taken 
to  the  inner  harbor  and  securely  moored  by  an  officer  and  party  of  men 
from  this  ship. 

The  gale  continued  until  the  19th.  We  coaled  ship  on  the  20th  ahd 
21st,  taking  100  tons,  not  enough  to  fill  the  bunkers, but  all  we  could  get, 
owing  to  a  temporary  scarcity  at' the  station.  The  Alaska  Commercial 
Company's  steamer  St.  Paul  arrived  from  San  Francisco  on  the  23d, 
bringing  us  mail  and  supplies  which  were  taken  on  board,  and  at  6:30 
p.  m.  we  got  under  way  and  proceeded  to  sea,  bound  for  Bristol  Bay. 
The  weather  wa«  overcast  with  drizzling  rain,  mist,  and  fog,  which 
frequently  obscured  the  land. 

Slime  Bank. — Work  was  continued  at  daylight  next  morning  off  the 
Northwest  Cape  of  Unimak,  successive  lines  of  dredging  and  fishing 
stations  being  run  tangent  to  the  coast.  The  beam  trawl  developed  an 
abundance  of  life  on  the  bottom  and  the  use  of  the  hand  lines  soon 
proved  that  we  were  on  prolific  codfish  grounds.  Fishermen  have 
given  it  the  name  of  Slime  Bank,  from  the  numbers  of  medusse  brought 
up  on  their  gear.  These  jellyfishes  are  of  a  brownish  or  rusty  color, 
from  6  to  18  inches  in  diameter,  have  long  slender  tentacles,  and  are 
well  armed  with  stinging  organs.  They  were  not  seen  on  the  surface, 
but  inhabit  an  intermediate  space,  probably  near  the  bottom,  for  late 
in  the  season,  when  their  numbers  have  greatly  increased,  the  fisher- 
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men  do  not  allow  their  hooks*to  reach  the  bottom,  but  fish  over  them, 
as  they  express  it,  in  order  to  escape  their  sting,  which  soon  makes 
their  hands  sore.  An  old  codfisherman  who  has  spent  several  seasons 
on  this  bank  said  the  slime  (medusae)  became  so  thick  on  the  bottom 
lat«  in  the  season  that  they  had  great  trouble  sometimes  in  lifting  their 
dory  anchors  through  it.  Dread  of  handling  the  stinging  cells  had  as 
much  to  do  with  the  difficulty,  probably,  as  the  weight  brought  up  by 
the  rope  and  anchor. 

We  found  the  bank  to  extend  from  the  Northwest  Cape  of  Unimak  to 
within  10  or  15  miles  of  Amak  Island,  embracing  depths  from  20  to  50 
fathoms,  scattering  specimens  being  taken  outside  of  this  limit.  It  is 
about  S5  miles  in  length,  with  an  average  width  of  17  miles,  covering 
an  area  of  1,445  square  miles.  The  character  of  bottom  as  given  by  the 
lead  was  generally  black  sand  and  gravel,  pebbles  being  jQrequently 
added,  with  rocks  near  shore  and  mud  in  the  greater  depths. 

At  8:20  p.  m.,  June  25,  we  anchored  off  Cape  Glasenap,  or  Bound 
Point,  in  9  fathoms.  The  weather  was  foggy  during  the  afternoon,  with 
increasing  wind,  which  induced  us  to  seek  protection  under  the  land. 
An  examination  of  the  entrance  to  Izenbek  Bay  developed  a  bar  ex- 
tending from  Cape  Glasenap  to  the  low  island,  over  which  not  more 
than  2  fathoms  could  be  carried  at  low  water.  A  small  vessel  drawing 
from  8  to  10  feet  might  find  a  harbor  inside  of  the  cape,  but  its  limits 
would  be  small,  as  most  of  the  area  is  laid  bare  at  low  water.  A  school 
of  walruses  were  playing  outside  of  the  surf  for  hours,  but  they  did  not 
come  near  the  ship.  Several  being  seen  hauled  out  on  a  low  protecting 
point  of  Cape  Glasenap,  Mr.  Townsend  landed  and  attempted  to  get 
within  rifle  range,  but  they  were  watchful  and  timid,  and,  as  he  was 
obliged  to  land  to  windward,  soon  scented  him  and  took  to  the  water. 
The  fog  continued  next  day,  but  lifted  for  a  few  minutes  at  a  time, 
enabling  us  to  see  several  miles.  Being  anxious  to  visit  Amak  Island, 
we  got  under  way  at  1:30  p.  m.,  ran  a  line  of  dredging  and  fishing 
stations  along  the  land  for  about  10  miles,  then  across  to  the  island, 
where  we  anchored  at  6  p.  m.  in  10  fathoms,  the  extremes  of  land  bear- 
ing S.  by  E.  f  E.  and  WSW.  f  W.  (magnetic).  This  is  a  fairly  good 
anchorage,  with  SW.  winds. 

Amak  Island  is  of  volcanic  origin,  between  2  and  3  miles  in  length, 
and  about  1,700  feet  in  height.  There  are  plateaus  from  30  to  150 
feet  above  the  sea,  extending  back  500  or  GOO  yards  from  the  beach, 
covered  with  a  thick  coating  of  moss,  through  which  rank  grass  was 
showing.  Flowers  were  beginning  to  bloom,  giving  the  surface  quite  a 
cheerful  aspect.  Near  the  center  was  a  rugged  precipitous  mountain 
of  dark-brown  rock  entirely  void  of  vegetation.  Ko  life  was  seen  on  the 
island,  except  three  or  four  migratory  birds,  and  it  did  not  prove  a  prof- 
itable region  for  the  naturalists.  The  weather  was  generally  overcast 
with  fog  and  mist  on  the  morning  of  the  27th,  but  the  sun  came  out 
at  intervals.    We  could  not  reconcile  our  runs  with  the  position  as- 
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signed  to  tlie  island  on  the  charts,  and,  knowing  that  observations  had 
not  been  made  on  it,  in  modern  times  at  lea^st,  weconsidered  thechance 
worth  waiting  for,  and  fortunately  obtained  good  sights  for  latitude 
and  longitude.  The  island  is  the  one  distinctive  and  unmistakable 
landmark  in  the  vicinity;  hence  our  anxiety  to  locate  it  exactly.  The 
Southeast  Point  wa«  found  to  be  in  latitude  55^  25'  05.6''  N.  and 
longitude  163o  07'  33.6"  W.  There  is  foul  ground  off  the  northwest 
extremity  of  the  island,  some  rocks  awash;  and  between  2  and  3  miles 
distant  is  Sea  Lion  Eock,  several  hundred  yards  in  extent  and  about 
150  feet  in  height,  on  which  is  a  large  rookery  of  sea  lions.  We  found 
the  schooner  Olga  at  anchor  off  Amak  Island,  waiting  favorable 
weather  to  secure  a  sufficient  number  of  these  animals  to  supply  her 
native  sea-otter  hunters  with  skins  for  bidarkas. 

1^0  codfish  were  taken  within  10  miles  of  Amak  Island,  or  between  it 
and  the  mainland,  except  scattering  specimens.  Sea  lions  and  walrus 
doubtless  destroy  and  drive  away  fish  fi*om  their  immediate  vicinity, 
but  over  this  large  area  there  must  be  some  other  cause^  and  it  may, 
I  think,  be  attributed  to  the  lack  of  food,  as  we  found  the  bottom 
exceedingly  barren. 

Baird  Bank, — ^Getting  under  way  at  1 :53  p.  m.,  we  continued  our  ex- 
plorations in  a  northerly  direction,  and  soon  found  ourselves  approach- 
ing excellent  codfish  grounds.  The  bottom  fauna  was  abundant,  and 
the  fish  captured  were  large  and  in  good  condition.  Near  the  shore,  in 
depths  less  than  20  fathoms,  the  bottom  was  covered  with  mussels, 
sponges,  and  large  barnacles  in  clusters,  adhering  firmly  to  rocks  and 
stones,  their  elevated  cutting  edges  soon  wrecking  the  nets.  Conditions 
improved  with  each  line  of  stations,  and,  arriving  off  Port  Moller,  we 
found  ourselves  on  the  best  fishing-ground  we  had  yet  found  in  Bering 
Sea.  It  was  evident  that  we  were  developing  a  great  cod  bank,  the 
extent  of  which  was  not  yet  defined. 

The  schooner  Vanderlnli,,  of  San  Francisco,  was  found  at  anchor  off 
Port  Moller  with  nearly  a  full  fare  of  codfish,  which  she  had  taken  in 
that  vicinity. 

Port  Moller. — Leaving  the  schooner  at  2  p.  m.,  June  29,  we  anchored 
outside  of  Entrance  Point,  Port  Moller,  at  5:45  p.  m.  We  were,  as 
before  stated,  unable  to  procure  a  full  coal  supply  at  Unalaska,  and, 
rather  than  wait  the  arrival  of  a  cargo  which  could  not  be  expected  for 
a  month  at  least,  decided  to  extend  our  explorations  to  this  place  and 
take  our  chances  of  replenishing  the  bunkers  from  a  recently  opened 
coal  mine  in  Herendeen  Bay,  a  branch  of  Port  Moller.  The  delay  could 
be  no  greater,  at  least,  and  we  might  be  able  to  procure  sufficient  fuel 
for  the  completion  of  the  work  in  Bristol  Bay.  The  region  is  unsur- 
veyed,  and  the  entrance  guarded  by  banks  aiid  shoals  over  which  the 
tide  sweeps  with  great  force,  making  the  channel  difficult  and  danger- 
ous, its  ill  repute  having,  in  fact,  caused  the  great  bay  and  its  tribu- 
taries to  remain  almost  a  terra  incognita  to  the  navigator.    The  dia^ 
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covery  of  coal  will  necessitate  a  survey,  and  with  it  many  of  the 
dangers  will  doubtless  disappear. 

It  was  blowing  a  moderate  gale  from  the  southeast  when  we  anchored, 
and  it  had  diminished  but  little  in  force  next  morning,  but,  the  fog  lift- 
ing, we  got  under  way  and  picked  our  route  carefully  through  narrow, 
intricate  channels  across  Port  Moller  to  the  entrance  to  Herendeen 
fiay,  and,  two  hours  later,  found  a  snug  anchorage  under  Point  Divide, 
^here  we  were  protected  from  the  heavy  southerly  wind  then  blowing. 
I  left  the  ship  soon  after  anchoring,  and,  accompanied  by  Prof.  Gilbert 
and  Chief  Engineer  Boelker ,  visited  the  mine.  Ten  miles  of  the  distance 
was  made  by  boat,  and  about  a  mile  and  a  half  over  a  tramway  re- 
cently constructed  for  transporting  coal  to  the  water  front.  A  tunnel 
had  been  driven  into  the  hillside  about  200  feet,  and  between  70  and 
100  tons  of  coal  taken  out.  The  superintendent  estimated  the  average 
output  for  the  mine  for  the  next  month  at  from  10  to  20  tons  per  day. 
A  40>ton  lighter  was  in  process  of  construction,  and  they  only  waited 
its  completion  to  commence  the  delivery  of  coal. 

The  close  of  the  fiscal  year  finds  officers  and  crew  in  excellent  health 
and  the  ship  in  good  working  order.  The  ship  has  maintained  her 
nsoal  reputation  for  excellent  sanitary  conditions  during  the  entire  year. 
There  has  not  been  a  single  case  of  sickness  on  board  that  was  due  to 
removable  local  causes,  and  no  serious  accident  or  serious  illness  has 
occurred. 

Natural  history  results. — ^Work  commenced  south  of  the  Sannak 
Islands  on  the  2l8t  day  of  May,  in  483  and  313  fathoms,  extending  to 
the  westward  of  the  group  in  gradually  decreasing  depths  until  38 
fothoms  was  reached.  In  the  deeper  waters  several  species  of  sea- 
luehins  and  shells  were  taken,  and  crinoids,  shrimps,  corals,  alcyona- 
rians,  holothurians,  and  various  species  of  fishes  were  marked  features 
of  the  hauls,  Careproetus  amd  Myotophum  being  among  them.  Drawing 
shoreward,  and  changing  the  character  of  the  bottom  from  mud  to  sand, 
the  varieties  Of  fish  increased;  Baihymaster^  SebastodeSj  B,nd  Lycodesj 
hesides  several  species  of  flounders  and  sculpins,  were  abundant.  Of 
invertebrates  there  were  at  least  half  a  dozen  species  of  sponges,  an 
abundance  of  sand-doUars  (Uehinarachmus)^  shrimi>s,  ophiurans,  shells, 
and  basket  stars  (Asirophyton). 

The  line  of  investigation  was  extended  to  Bering  Sea,  via  Unimak 
Pass,  in  depths  from  41  to  178  fathoms,  and  revealed  a  fauna  of  great 
abundance  and  variety  of  species,  particularly  in  the  pass  and  along 
the  100£sthom  carve  in  the  direction  of  the  seal  islands.  Among  the 
more  conspicuous  were  many  flounders,  sculpins,  skates,  pollock, 
Bathymastersj  and  codfish,  with  small  ^^oni^^,  eelpouts,  etc.  Inver- 
tebrates were  abundant,  ascidians,  annelids,  and  miscellaneous  Crus- 
tacea occurring  in  addition  to  those  before  mentioned.  A  marked 
change  in  the  fauna  was  found  upon  deepening  the  water  to  225  fathoms 
north  of  Unalaska.    The  sandy  bottom  gave  place  to  soft  mad^  thd 
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irimp  or  prawnn  were  larger,  Sebastolobus  took  the  place  of  Sebiu- 
des,  and  the  various  shoal- water  flounders  were  replaced  by  those  of 
^eper  habitat. 

Commencing  at  the  head  of  Bristol  Bay,  off  the  Naknek  Biver,  in 
)pth  of  3  to  8  fathoms,  sand,  a  variety  of  fish  were  taken,  such  as 
la  trout  (Hexagrammus)^  flounders,  young  salmon,  rock-cod,  sculpins 
id  a  few  specimens  of  LipariSy  with  scattering  specimens  of  shrimp, 
lells,  starflsh  and  other  invertebrates. 

Off  the  entrance  to  the  Nushagak  Biver,  in  depths  of  5  to  12  fathoms, 
i.ndy  bottom,  with  occasional  patches  of  gravel  or  pebbles,  half  a  dozen 
secies  of  starfish  were  found  in  great  numbers;  sea-urchins  were  taken 
f  the  bushel;  and  shrimps,  crabs,  sponges,  annelids,  mollusca,  sea- 
lemones,  hydroids,  and  bryozoa  were  abundant.  The  fishes  were 
presented  by  HexagrammuSj  Murcenoidesj  i)ollock,  several  species  of 
tulpins  and  flounders,  besides  a  variety  of  small  obscure  si>ecies. 
Scattering  specimens  of  codfish  were  taken  with  the  hand  lines,  but 
Ley  were  more  plentiful  off  Cape  Oonstantine  in  from  12  to  18  fiftthoms, 
bud  or  gravel  bottom.  Our  route  from  the  Kushagak  to  the  Kusko- 
Krim  was  inside  of  the  Walrus  Group  and  through  Hagemeister  Ohan- 
)1.  Fine  sand  bottom  was  found  from  Cape  Constantine  to  Bound 
land,  muddy  bottom  thence  to  the  vicinity  of  Hagemeister  Island, 
id  sandy  thence  to  Cape  Newenham.  Investigations  were  confined  to 
^  fathoms  or  less,  yielding  an  occasional  codfish  or  young  halibut, 
)llock,  five  or  six  species  of  fiounders;  Arctic  tomcod  and  sculpins 
ere  quite  plentiful.  Alligator-fish,  capelin,  and  a  variety  of  Agonidw^ 
asides  several  other  species  of  small  size,  were  found,  many  of  them 
idescribed.  Shrimp  and  prawns  were  large  and  conspicuous  in  the 
iuls;  many  of  them  are  doubtless  undescribed.  The  bulk  of  most  of 
le  hauls  was  composed  of  starfish.  There  was  a  greater  variety 
nong  the  ascidians  found  at  the  different  stations  than  among  other 
vertebrates.  Shells,  sand-dollars,  ophiurans,  hermit-crabs,  and  astro- 
lytons  of  about  the  same  species  were  generally  distributed  over  the 
igion,  while  hydroids  and  bryozoa  occasionally  appeared. 
From  Cape  Newenham  toward  the  northwest  cape  of  Unimak  the 
ipth  increased  to  25  fathoms,  gravel  bottom,  6  miles  from  land ;  shoaled 
>  13^  fathoms,  fine  gray  sand,  at  26  miles,  then  gradually  increased  to 
I  fathoms,  with  the  same  character  of  bottom  at  about  60  miles  from 
le  cape.  From  this  point  mud  began  to  appear,  and  soon  became  the 
incipal  ingredient  of  the  bottom  soil. 

Scattering  codfish  were  found  on  the  gravel  bottom;  were  fairly 
)undant  on  th  e  rise  from  13^  to  25  fathoms,  and  gradually  disappeared 
;  we  approached  muddy  bottom.  Several  species  of  flounders  and 
ulpins  were  taken ;  alligator-fish  and  other  small  species  were  com- 
on;  and  clusters  of  large  barnacles,  mussels,  and  a  few  other  shells 
ere  taken,  besides  the  common  forms  of  invertebrates.  As  the  char- 
»ter  of  the  bottom  changed,  and  mud  became  mixed  with  the  sandy 
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great  beds  of  ophiorans  were  found,  10  bushels  or  more  having  been 
brought  up  at  a  haul.  Shells,  such  as  Trophan  and  other  forms,  were 
abundant  on  the  same  ground,  most  of  them  being  occupied  by  hermit- 
crabs.  A  number  of  large  crabs  were  also  taken.  Large  holothurians 
and  astrophytons  were  common,  and  naked  moUusks  were  conspicuous 
as  we  deepened  the  water.  Flounders,  sculpins,  young  pollock,  alli- 
gator-fish, and  the  other  small  species  were  distributed  generally  over 
the  ground;  in  fact,  the  contents  of  the  net  varied  but  little  after  the 
first  few  hauls. 

From  the  Northwest  Gape  of  Unimak  to  Port  MoUer,  including  the 
region  called  Slime  Bank  and  a  portion  of  Baird  Bank,  a  uniform 
richness  of  life  on  the  bottom  was  observed.  The  depths  varied  from 
12  to  50  fathoms,  with  sand,  or  sand  and  gravel,  bottom.  Codfish  were 
ahnndant,  and  the  variety  of  fishes  obtained  exceeded  anything  seen  in 
localities  previously  visited.  While  the  great  mass  of  invertebrates  re- 
semble those  taken  on  other  grounds  in  Bristol  Bay,  special  attention 
was  attached  to  the  variety  of  sponges  and  the  great  numbers  of  me- 
dussB.  The  latter  float  near  the  bottom  in  such  masses  as  to  become  a 
serious  detriment  to  the  fishermen.  Gorgonians  of  various  kinds,  and 
bryozoa  were  found  near  the  shores. 

There  was  one  exception  to  the  general  richness  of  the  fsiuna  in  this 
region,  the  vicinity  of  Amak  Island  being  found  exceedingly  barren. 

The  foUowing  is  a  brief  summary  of  the  general  movements  and  ope- 
rations of  the  ship  during  the  year : 

Total  number  of  days  at  sea 114 

Total  distance  nm  by  observation miles..  12,963 

Total  distance  run  by  log do....  13,236 

Total  number  of  deep-sea  soandlngs 1, 025 

Total  number  of  dredging  stations 275 

Total  number  of  deep-sea  fishing  stations 149 

PEBSONNEL. 

The  following  officers  were  attached  to  the  vessel  at  the  end  of  the 
fiscal  year:  Lieut.  Commander  Z.  L.  Tanner,  U.  S.  N.,  commanding; 
liieut.  C.  G.  Calkins,  U.  S.  IS.j  executive  officer  and  navigator;  Ensign 
Marbury  Johnston,  IT.  S.  ^N".;  Ensign  E.  W.  Eberle,  U.  S.  K;  Ensign 
C.  M.  McCormick,  IT.  S.  N.;  Ensign  Wm.  W.  Gilmer,  U.  S.  K;  Passed 
Assistant  Surgeon  Jas.  E.  Gardner,  XT.  S.  N. ;  Passed  Assistant  Pay- 
master Charles  S.Williams,  TJ.  S.N.;  Passed  Assistant  Engineer  C.  E. 
Hoelker,  U.  S.  N. 

The  civilian  staff  was  as  follows:  Prof.  Charles  H.  Gilbert,  naturalist 
in  charge;  Charles  H.Townsend,  resident  naturalist;  A.  B.  Alexander, 
fishery  expert;  N.  B.  Miller  , assistant  naturalist;  H.  C.  Fassett,  cap- 
tain's clerk. 
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TBB  FISCAZ.  TBAR  1890-91. 

BERING  SEA,  JULY  AND  AUGUST,  1890. 

Herendeen  Bay, — The  AUnitrosa  was  at  anchor  under  Point  Divide, 
the  entrance  to  Herendeen  Bay,  on  June  30, 1890.  We  had  called  to 
ascertain  if  coal  could  be  procured  from  a  recently  opened  mine,  and 
were  informed  by  the  superintendent  that  he  could  oommence  delivery 
in  about  a  week,  providing  a  lighter  he  was  building  could  be  com- 
pleted. We  sent  a  carpenter  to  assist  in  the  work,  and  rendered  all 
practicable  aid  in  order  to  get  a  supply  of  fuel  as  quickly  as  jiossible. 
In  the  meantime  we  commenced  a  survey^  which  was  continued  during 
our  stay,  and  resulted  in  a  chart  in  sufficient  detail  for  purposes  of 
navigation.  It  includes  the  entrance  to  Port  MoUer;  the  channel  frcHn 
Entrance  Point  to  Point  Divide,  called  by  us  Hague  Channel;  the 
narrow  and  intricate  channel  from  the  last-mentioned  point  to  Marble 
Point,  which  we  named  Johnston  Channel,  after  the  officer  who  surveyed 
it,  and  a  general  examination  of  the  bay,  including  Mine  Harbor,  tise 
shipping-point  and  headquarters  of  the  company.  On  the  morning  of 
July  2  we  moved  about  a  mile  inside  of  Point  Divide  and  anchored  in 
15  fathoms.  The  tide  ran  ebb  until  3  p.  m.,  with  a  velocity  of  3  or  4 
knots  per  hour,  with  smooth  water  and  nothing  to  indicate  an  insecure 
or  undesirable  anchorage.  A  few  minutes  later  the  flood  tide  came 
in  with  a  bore  between  2  and  3  feet  in  height,  and  when  it  struck 
the  ship  she  picked  up  her  anchor  and  started  up  the  bay,  but  a  second 
anchor  with  a  long  scope  of  chain  brought  her  up.  Heavy  tide  rips 
continued  for  hours,  making  it  unsafe  for  a  boat  to  approach  the  ship. 
The  strength  of  current  measured  by  the  patent  log  was  between  8 
and  9  knots  per  hour. 

It  was  evident  that  we  could  not  remain  in  our  new  berth,  so  at 
slack  water  we  worked  our  way  through  the  narrow  passage  before 
mentioned  between  Point  Divide  and  Marble  Point,  anchoring  an  hour 
later  in  the  upper  bay,  within  3  miles  of  Mine  Harbor.  A  small  quan- 
tity of  coal  was  procured  on  the  3d  and  tested  in  the  steam  gig.  It 
burned  freely,  with  a  long  flame  and  straw-colored  smoke,  to  a  white 
ash  and  cinder,  but  no  clinker.  This  result  was  equally  gratifying  to 
us  and  the  superintendent  of  the  mine. 

The  4th  of  July  was  celebrated  by  dressing  ship  with  flags  at  the 
mastheads  and  peak,  the  flrst  time  the  national  holiday  was  ever  ob- 
served in  Herendeen  Bay  by  a  United  States  vessel. 

We  moved  to  Mine  Harbor  on  the  5th,  and  moored  in  17  fathoms, 
where  we  found  good  swinging  room  about  a  quarter  of  a  mile  from  the 
coal  dump  on  the  beach.  The  lighter  was  launched  on  the  evening  of 
the  7th  and  brought  alongside  on  the  9th,  with  the  flrst  load  of  43  tons 
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of  coal  firom  the  new  mine.    The  work  of  coaling  continued  until  the 

eveniug  of  the  loth,  whbn  we  had  taken  137  tons,  which  nearly  filled 

the  bankers.    The  weather  daring  our  stay  was  generally  overcast 

with  mist  and  fog,  but  the  sun  usually  came  out  for  a  short  time  each 

day.    An  effort  was  made  to  locate  Point  Divide  astronomically,  and 

sufficient  observations  were  made  for  longitude,  but  no  opportunity 

occurred,  either  day  or  night,  to  obtain  the  latitude.    We  were  more 

fortunate,  however,  in  Mine  Harbor,  Low  Point  having  been  accurately 

located  by  excellent  observations.    The  naturalists  made  numerous 

additions  to  their  collections  during  our  detention,  and  the  hunters 

brought  in  several  bears,  reindeer,  and  other  game. 

Baird  Bank. — Getting  under  way  on  the  morning  of  the  16th,  we 
steamed  out  without  difficulty  and  resumed  work.  Lines  of  soundings 
were  run  off  and  on  shore,  the  beam  trawl  being  frequently  used,  and 
trial  lines  put  over  at  every  station  occupied  during  daylight.  We 
found  that  Port  MoUer  was  near  the  center  of  the  most  important  cod 
bank  yet  discovered  in  Bering  Sea.  Oommencing  at  Amak  Island,  it 
extends  to  the  vicinity  of  Gape  Ghichagof,  a  distance  of  230  miles,  with 
an  average  breadth  of  40  miles,  haviug  an  area  of  9,200  square  miles, 
with  depths  firom  15  to  50  fathoms.  The  character  of  the  bottom  was 
usually  fine  gray  sand,  varied  by  black  sand,  black  sand  and  gravel, 
and  occasional  rocky  patches  near  shore.  While  codfish  were  found  at 
nearly  every  station,  numbers  and  quality  varied  with  the  locality. 
They  were  smaller  and  in  poorer  condition  near  the  shores,  the  best 
fish  being  found  between  25  and  40  fathoms,  and  they  seemed  to  be 
most  plentifiil  in  the  Port  Moller  region. 

As  this  is  the  largest  and  most  valuable  of  the  fishing- grounds  yet 
developed  in  Bering  Sea,  we  have  called  it  Baird  Bank,  after  Prof. 
Spencer  F.  Baird,  the  first  IT.  S.  Gommissioner  of  Fish  and  Fisheries, 
through  whose  efforts  these  investigations  were  inaugurated. 

Baird  Bank  and  Slime  Bank,  having  an  area  of  10,645  square  miles, 
extend  for  more  than  300  miles  along  the  northern  shores  of  Unimak 
and  the  Alaska  Peninsula,  without  a  single  harbor  that  the  fishermen 
have  hitherto  availed  themselves  of,  yet  it  is  a  favorite  fishing-ground. 
The  weather  is  usually  pleasanterthan  in  the  Pacific;  it  has  a  weather 
shore  with  the  prevailing  summer  winds,  and  a  well-found  vessel  may 
anchor  aujrwhere  on  the  banks  and  ride  out  the  usual  summer  gales 
without  much  risk  or  discomfort. 

Our  survey  of  Port  Moller  entrance  and  Herendeen  Bay  will  render 
those  harbors  available  hereafter,  and  there  is  an  excellent  beach  at 
Mine  Harbor  for  hauling  a  schooner  out  if  necessary.  The  rise  and  fall 
exceeds  15  feet,  and  would  give  several  hours  each  tide  to  examine  or 
make  repairs  on  a  vessel's  bottom.  Should  the  coal  mine  be  developed, 
as  seems  likely,  the  place  would  afford  some  facilities  for  repairing 
and  refitting.  Water  is  easily  procured,  and  fuel  can  be  had  in  any 
quantity. 
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Port  Haiden, — ^Port  Haiden  is  said  to  be  a  good  harbor,  but  we  did 
not  examine  it.  Should  a  survey  show  it  to  be  safe  and  easy  of  ap- 
proach, it  will  prove  a  great  convenience  to  vessels  employed  on  the 
northern  x>ortion  of  the  bank. 

Ugashik  River. — The  Alaska  Commercial  Company's  schooner  Pearl 
enters  the  Ugashik  Eiver,  but  there  is  a  wide  bar  to  cross  having  intri- 
cate channels,  strong  currents,  and  usually  a  heavy  swell.  Once 
inside,  there  is  a  good  harbor,  bat  it  could  hardly  be  considered  avail- 
able for  the  ordinary  purposes  of  a  fisherman. 

Head  of  Bristol  Bay, — ^The  head  of  the  bay  to  the  northward  of  a  line 
drawn  from  the  TJgaguk  Eiver  to  Cape  Constantine  has  no  value  as  a 
cod-fishing  ground.  The  water  is  not  only  too  fresh,  but  the  enormous 
discharge  from  various  streams  in  the  vicinity,  in  conjunction  with  the 
naturally  strong  tidal  streams,  induces  a  current  which  holds  in  sus- 
pension sufficient  sand  and  mud  to  account  for  the  absence  of  codfish 
without  looking  for  other  causes.  We  took  scattering  specimens,  it  is 
true,  but  their  emaciated  condition  was  sufficient  evidence  of  their 
having  strayed  from  their  usual  feeding  grounds. 

Ndknek  River. — Salmon  are  found  in  the  Naknek  Eiver,  and  there 
are  one  or  more  firms  engaged  in  that  industry.  Vessels  of  any  size 
may  reach  an  anchorage  off  the  mouth  of  tlie  river  by  keeping  the  eastern 
shore  aboard,  notwithstanding  the  inaccuracy  of  the  chai*ts.  Shoal 
water  will  be  found  whenever  the  western  side  is  approached. 

Nushagdk  River. — ^Tbe  salmon  fisheries  of  the  Fushagak  River  have 
assumed  important  proportions,  and  will  doubtless  attract  numbers  of 
people  to  that  region.  It  will  have  little  interest  for  the  cod  fishermen 
except  as  a  possible  port  of  refuge,  where  wood  and  water  and  such 
supplies  as  they  would  be  likely  to  need  can  be  obtained.  It  has  not 
been  considered  a  desirable  place  to  visit,  aud  the  defective  charts 
strong  tides,  numerous  shoals,  and  liability  to  encounter  thick  weather 
all  militate  against  it;  but  with  the  surveys  made  by  this  vessel  and 
the  assistance  of  native  pilots,  to  be  found  at  Protection  Point,  a  fishing 
schooner  should  be  able  to  enter  and  leave  the  river  with  comparatively 
little  risk  or  delay. 

Kulukah  Ground, — Kulukak  Bay  occupies  a  large  portion  of  the 
region  between  Capes  Constantine  and  Fewenham,  including  the  Wal- 
rus Group,  Hagemeister  Island ,  and  Cape  Peirce.  As  codfish  are  found 
in  various  isolated  spots  hardly  deserving  the  appellation  of  banks,  we 
have,  lor  convenience,  included  the  region  under  the  single  title  of  the 
Kulukak  Ground.  There  are  extensive  shoals  outside  of  Hagemeister 
and  the  Walrus  islands,  6  fathoms  being  found  about  18  miles  to  the 
southward  of  the  latter.  The  spots  are  outside  of  these  shoals,  as  well 
as  to  the  eastward  and  westward  of  them,  in  from  12  to  25  fathoms, 
where  codfish  may  be  taken  at  times  quit«  plentifully,  but  they  are 
smaller  than  those  on  Baird  Bank. 
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Mine  Harbar,  Herendeen  Bay. — Oar  fuel  being  nearly  expended,  we 
retamed  to  Herendeen  Bay  July  23  for  another  supply.  This  bay  has 
a  large  area  with  several  arms,  and  to  distinguish  the  shipping-point 
more  definitely  we  have  called  It  Mine  Harbor. 

Work  had  progressed  favorably  during  our  absence,  and  we  found 
over  100  tons  of  coal  on  the  beach  awaiting  our  arrival.    The  method 
of  transporting  it  to  the  ship  may  be  described  as  follows:  A  single 
lighter,  having  a  maximum  capacity  of  40  tons,  was  moored  near  the 
shore  at  high  tide  and  the  coal  wheeled  on  board  in  barrows  over  a 
gang-plank  supported  on  trestles.    As  the  tide  fell  it  would  be  left  high 
and  dry,  the  work  proceeding  until  the  next  high  tide,  when  we  would 
tow  it  alongside  with  the  steam  cutter,  discharge  the  coal  as  soon  as 
possible,  and  moor  it  again  near  the  beach,  when  the  process  would  be 
repeated.     The  mine  is  about  1^  miles  from  the  landing,  the  coal  being 
transported  by  a  small  steam  motor  over  a  light  tramway.    As  the 
opening  of  this  mine  is  an  event  of  no  little  importance  to  all  vessels 
visiting  Bering  Sea,  the  following  report  of  Passed  Assistant  Engineer 
C.  K.  Roelker,  U.  S.  N.,  chief  engineer  of  this  vessel,  on  the  results  ob- 
tained by  the  consumi)tion  of  80  tons  of  this  coal,  will  be  read  Avith  more 
than  asual  interest.    It  is  dated  July  24,  1890 : 

The  foUowing  statemeDt  regarding  the  coal  received  from  the  mine  recently 
opened  at  Herendeen  Bay  is  based  on  the  results  obtained  with  some  80  tons  of  this 
coal  consomed  while  this  vessel  was  engaged  in  her  usual  work  at  sea,  under  aver- 
age conditions.  The  quantities  of  coal  consumed,  and  of  refuse  matter,  were  care- 
fully measured,  the  behavior  of  the  coal  in  the  furnaces  was  closely  observed,  and 
the  resalts  obtained  have  been  deduced  from  the  entries  in  the  steam  log. 

The  average  consumption  of  the  coal  wa^  at  the  rate  of  25  pounds  per  square  foot 
of  grate  per  hour.  The  boilers  furnished  the  same  amount  of  steam  as  when  we 
have  been  using  a  fair  quality  of  Wellington  coal;  but  to  obtain  this  result  we 
had  to  bum  from  20  to  25  per  cent  more  of  the  Herendeen  Bay  coal.  The  coal 
ignites  readily  and  bums  with  considerable  flame,  forming  a  closely  cohering  coke, 
which  easily  breaks  up  into  small  pieces ;  thus  a  considerable  amount  of  small  parti- 
cles of  coal  is  lost  through  the  grates.  There  was  a  largo  proportion  of  fine  stuff  in 
the  coal,  which  burned  well,  but  contained  an  excessive  amount  of  refuse  matter. 

The  refuse  amounted  to  26  per  cent  of  tlio  total  weight  of  fuel  consumed;  it  con- 
sists of  ash  and  cinders,  no  glassy  clinkers  being  formed.  The  smoke  produced  is 
lighter  in  color  than  that  of  Wellington  coal,  and  less  soot  is  fonned. 

To  form  a  correct  estimate  of  the  value  of  this  coal  for  steaming  purposes  from  the 
foregoing  statement,  the  foUowing  facts  should  be  ttaken  iuto  cousidoration,  viz: 
The  coal  received  by  us  was  the  first  lot  taken  out  from  the  newly  opened  mine; 
it  came  from  one  of  the  smaller  veins,  through  which  a  tunnel  had  been  driven  then 
a  distance  of  200  feet  in  order  to  get  access  to  the  main  veins;  no  proper  facilities  for 
screening  the  coal  existed,  and  in  order  to  supply  the  quantity  required  by  us,  a  large 
amount  of  fine  coal  containing  much  dirt  was  delivered.  It  may  be  reasonably  ex- 
pected that  as  the  mine  becomes  further  developed  and  proper  screening  facilities 
are  provided,  the  amount  of  refuse  matter  in  the  coal  will  be  greatly  diminished,  and 
its  steam-generating  power  correspondingly  increased.  It  will  be,  however,  abso- 
Intely  necessary  to  store  this  coal  under  shelter,  as  it  appears  to  absorb  moisture 
readily,  and  the  constant  rains  which  have  prevailed  in  this  region  during  the  pres- 
ent season  would  soon  saturate  it  to  such  an  extent  as  to  greatly  diminish  its  value 
as  a  fuel. 

H.  Mis.  113 16 
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This  report  gives  an  accurate  statement  of  the  steaming  qualities  of 
the  coal  received  from  the  mine  compared  with  the  Wellington  coal, 
and,  considering  that  it  was  taken  from  a  vein  near  the  surface,  the 
extra  amount  required  to  furnish  the  same  quantity  of  steam  will  not 
seem  excessive.  It  is  shown  that  the  coal  possesses  merits,  and  it  will 
doubtless  improve  with  the  development  of  the  deeper  veins. 

Work  was  resumed  on  the  survey  as  soon  as  the  vessel  came  to 
anchor,  and,  although  the  weather  was  unfavorable,  many  soundings 
were  ttiken,  besides  some  further  triangulation.  Reindeer  and  bears 
were  plentiful  in  the  mountains  surrounding  Herendeen  Bay,  and  several 
were  brought  in  by  the  naturalists  and  officers.  We  finished  coaling 
on  the  evening  of  the  27th,  having  taken  aboard  128  tons,  25  tons  being 
in  bags  on  deck. 

Boisterous  winds  with  driving  mist  and  fog  detained  us  during  the 
28th,  but  we  were  under  way  early  the  following  morning  and  steamed 
out  by  the  rough  chart  of  our  recent  survey,  which  was  found  quite 
accurate  and  sufficient  for  the  present  purposes  of  navigation,  except 
at  tlie  entrance  to  Port  MoUer,  where  more  soundings  are  required  to 
properly  develop  the  channel  and  the  region  between  Entrance  Point 
and  Walrus  Island. 

Strong  southerly  winds  and  heavy  head  seas  were  encountered, 
which,  in  addition  to  a  dense  fog,  made  our  progress  exceedingly  slow 
and  uncomfortable,  but  we  finally  arrived  safely  in  Iliuliuk,  Unalaska, 
at  10:50  a.  m.,  July  31.  Arrangements  were  made  for  a  supply  of  coal 
on  our  return,  and  at  daylight  August  2  we  proceeded  to  sea.  A  line 
of  soundings  was  commenced  off  Cape  Cheerful  and  carried  to  Bogos- 
lof,  an  active  volcano  in  53^  55'  N.  and  168^  1'  W.  The  maximum  depth 
was  SSi)  fathoms  about  midway  between  Cape  Makushin  and  Bogoslof. 

BogoHlof  Island  and  Volcano. — ^The  first  authentic  account  of  this 
interesting  locality  is  from  Capt.  Cook,  who  passed  between  the  posi- 
tion of  Bogoslof  and  Umnak  in  1778,  and  discovering  a  rock  which  <it 
a  distance  resembled  a  ship  under  sail,  he  named  it  Sail  Rock.  It  must 
have  been  the  only  conspicuous  object  near  by  at  the  time  or  he  would 
have  mentioned  that  fact.  Old  Bogoslof,  as  it  is  now  called,  was  thrown 
up  about  400  yards  from  Sail  Rock  in  1796,  after  an  earthquake,  and, 
according  to  Baranoff's  report,  remained  active  until  1815  at  least;  I 
do  not  know  how  much  longer.  It  must  have  undergone  many  remark- 
able changes  during  its  period  of  activity.  Capt.  Wassilieff  reported 
that  at  one  time  it  attained  an  altitude  of  2,240  feet,  whereas  it  is  now 
but  370  feet  in  height  and  greatly  diminished  in  bulk.  New  Bogoslof 
is  located  on  the  opposite  extremity  of  the  same  platform,  the  total 
length  of  the  island.  Including  the  old  and  new  cones,  being  about  IJ 
miles  NW.  by  K.  and  SE.  by  S.  (magnetic),  and  a  little  less  than  a  mile 
in  width. 

The  natives  of  southern  Unalaska  reported  that  Bogoslof  was  smok- 
ing in  1882,  but  there  is  no  report  from  the  island  until  September  27, 
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1883,  when  Cap  t.  Anderson,  of  the  schooner  Matthew  Turner,  passed  near 
it  and  reported  a  new  Bogoslof,  with  flame,  smoke,  and  steam  issuing 
from  the  crater  and  nomerons  fissures  in  its  sides.  The  revenue  cutter 
Cortrtn  examined  it  in  1884,  when  it  was  still  active,  and  a  subsequent 
visit  in  1885  developed  no  material  change.  Sail  Eock  was  reported  to 
be  86  feet  in  height. 

The  Albatross  passed  within  three  quarters  of  a  mile  of  the  island  on 
the  afternoon  of  August  2, 1890,  but  did  not  land.  It  was  an  unusually 
clear  day,  Makushin  and  the  high  lands  of  Umnak  being  distinctly 
visible.  Sail  Bock  had  fallen,  its  original  position  being  marked  by  the 
debris.  New  Bogoslof  was  enveloped  in  smoke  and  steam  so  dense 
that  its  outlines  could  not  be  accurately  determined,  but  its  altitude 
was  not  far  from  400  feet.  There  were  no  outlying  dangers  visible,  and 
a  couple  of  soundings  taken  2  mUes  from  the  old  cone  on  different  bear- 
ings gave  649  and  578  fathoms,  the  latter  being  on  the  reef  marked  on 
old  charts  as  extending  from  Bogoslof  to  the  north  end  of  Umnak.  It 
ia  needless  to  say  that  this  reef  does  not  exist.  Myriads  of  guillemots 
were  seen  on  the  island  and  for  15  miles  or  more  around  it,  and  a  part 
of  the  beach  was  occupied  by  a  rookery  of  very  large  sea  lions.  Old 
Bogoslof  is  rapidly  crumbling  away,  and  will,  like  Sail  Eock,  eventually 
disappear. 

Bering  Sea. — A  westerly  course  was  continued  during  the  night,  and 
at  six  the  following  morning  the  trawl  was  lowered  in  1,033  fathoms, 
latitude  55^  53'  N.,  longitude  170^  50'  W.,  making  a  successful  haul. 
The  bottom  was  composed  almost  wholly  of  diatomaceous  ooze,  the 
absence  of  foraminifera  being  a  marked  feature  in  the  waters  of  Bering 
Sea.  The  course  was  then  changed  to  the  northward,  and  soundings 
made  at  50-mile  intervals,  which  gave  1,745, 1,818, 1,625,  and  69  fathoms, 
the  latter  in  latitude  66o  50'  N.,  longitude  172^  30'  W.,  and  near  the 
100-fathom  line.  Seals  were  frequently  seen  after  wereached  soundings, 
and,  the  fog  lifting  for  a  short  time,  two  sealing  vschooners  were  sighted, 
with  their  boats  out  in  the  successful  prosecution  of  their  enterprise. 

The  line  of  soundings  was  extended  to  latitude  58°  43'  F.,  longitude 
1740  43/  w.,  in  144  fathoms,  giving  the  trend  of  the  100-fathom  line 
about  NW.  i'S.j  magnetic.  A  southerly  gale  sprang]  up  during  the 
evenin^of  the  4th,  and  work  was  carried  on  the  next  day  under  many 
difficulties  and  unusual  wear  and  tear  of  machinery.  The  rough 
weather  told  on  our  supply  of  fuel  also,  and  finally  induced  us  to  turn 
to  the  southward  during  the  afternoon  of  the  5th.  Standing  on  aU 
night  under  low  speed  and  short  sail,  a  sounding  was  made  next  morn- 
ing in  1,887  fathoms,  latitude  56o  50'  N.,  and  longitude  175°  15'  W. 
Another  one  was  taken  during  the  afternoon  in  1,998  fathoms,  green 
ooze,  in  latitude  56°  02'  N.,  longitude  175o  35/  \v.  a  bottom  temper- 
ature and  water  specimen  were  taken  in  sounding,  and  subsequently 
serial  temperatures  and  water  specimens  were  taken  to  1,000  fathoms, 
the  temperatures  ranging  from  48^  F.  at  the  surface  to  34.9^  E.  «A)\?ftfc 
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bottom.  The  line  was  continued  to  the  southward,  with  50-mile  inter- 
vals, the  maximum  depth,  2,145  fathoms,  being  found  in  latitude  5iP 
31'  N.  and  longitude  175°  32'  W.  A  very  peculiar  and  irregular  action 
was  observed  in  the  port  engine  during  the  6th  and  7  th,  which  increased 
to  such  an  extent  that  we  stopped  work  and  started  for  Unalaska.  The 
trouble  was  traced  to  the  port  high-pressure  valve,  which  was  finally 
disconnected,  and  the  low-pressure  cylinder  worked  independently  until 
our  anival  in  port. 

Unalaska  and  vicinity. — We  passed  Bogoslof  Volcano  the  morning  of 
the  9th  and  arrived  in  lUuliuk  at  4 :15  p.  m.  the  same  day.  The  revenue 
cutter  Rtish  was  in  port,  and  the  steamer  Arago  arrived  from  the  seal 
islands  on  the  12th.  Having  made  the  necessary  repairs  to  the  ma- 
chinery, we  filled  the  bunkers  with  coal  and  left  the  harbor  early  on 
the  morning  of  the  15th.  Eumor  placed  valuable  cod  banks  in  the 
outer  bay,  but  no  one  seemed  to  know  their  exact  locality  or  extent. 
Such  a  resource  at  the  doors  of  a  populous  settlement  would  be  of 
inestimable  value.  Availing  ourselves  of  the  opportunity  offered  by  a 
clear  day,  we  ran  several  lines  of  soundings  across  the  bay,  making  fre- 
quent hauls  of  the  trawl  and  trials  with  the  fishing  lines,  extending  the 
examination  to  the  100-fathom  line  outside  of  Gape  Kalekhta,  or  Priest 
Point,  and  Cape  Cheerful,  without  finding  indications  of  even  ordinarily 
good  fishing-ground.  In  fact,  nearly  every  sounding  inside  of  the  capes 
gave  muddy  bottom.  Spots  were  discovered,  however,  near  the  shore 
line,  where  cod  were  plentiful.  An  anchorage  was  found  for  the  night 
in  Wislow  Bay,  in  8  fathoms,  near  the  small  islet  of  that  name,  where 
there  is  good  protection  from  southerly  winds. 

Work  was  resumed  at  daylight  next  morning  and  carried  to  Cape 
Makushin  and  thence  to  Makushin  Bay,  where  we  anchored  for  the 
night.  The  100  fathom  curve  lies  about  4  miles  off  shore  at  Cape  Cheer- 
ful, but  draws  in  abruptly  to  about  a  mile,  and  sometimes  less,  until  up 
with  Cape  Makushin,  and  here,  as  in  Unalaska  Bay,  codfish  and  halibut 
are  found  in  spots  along  shore.  From  the  cape  a  line  of  soundings  was 
run  to  Makushin  Bay,  where  we  arrived  at  5:50  p.  m.  A  strong,  south- 
west wind  raised  quite  a  swell  in  the  bay,  with  an  uninviting  lee  shore 
fronting  the  village,  but  we  found  a  fair  anchorage  in  8  fathoms  off  the 
mouth  of  a  glacial  stream  of  yellow  muddy  water  3^  miles  to  the  east- 
ward of  the  settlement.  The  village  of  Makushin  is  com])osed  of  a 
small  frame  church  x)ainted  white,  a  frame  store  belonging  to  the  Alaska 
Commercial  Company,  and  a  dozen  barabaras,  or  native  earth  huts, 
which  were  nearly  buried  beneath  rank  grass. 

Unfavorable  weather  detained  us  during  the  17th,  but  the  seine  was 
hauled  with  good  results.  Work  was  resumed  on  the  morning  of  the 
18th  and  continued  with  little  interruption  to  the  southwest  end  of 
Unalaska  and  north  extremity  of  Umnak.  From  Cape  Makushin  to 
Umnak  is  about  60  miles,  the  100  fathom  curve  extending  from  12  to 
23  miles  from  shore,  giving  an  area  of  over  1 ,100  square  miles  on  which 
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the  lead  showed  favorable  bottom,  and  the  trawl  developed  a  varied 
and  abundant  fauna,  such  as  we  usually  found  on  cod  banks  in  Bering 
Sea.   Very  few  fish  were  taken,  however,  until  we  reached  the  vicinity 
of  Cliernoffsky,  where  cod  and  halibut  were  plentiful.    Prospects  were 
80  favorable  that  I  am  inclined  to  think  fish  would  be  found  there  at 
certain  seasons,  if  not  the  year  round,  and,  should  it  ever  become  a 
fishing-ground,  there  will  be  no  lack  of  safe  and  convenient  harbors, 
for  the  west  coast  of  Unalaska  from  Cape  Makushin  to  Chernofifsky  is 
a  series  of  deep  bays,  some  of  them  almost  bisecting  the  island.    Oher- 
Doffsky  Bay  is  easy  of  approach  and  one  of  the  most  secure  harbors  in 
Bering  Sea.    The  only  direction  necessary  in  entering  is  to  keep  a 
midcliannel  course.    The  village  of  the  above  name  is  situated  on  a 
narrow  neck  of  land  between  the  harbor  and  the  sea,  and  is  conspicu- 
ous when  passing  along  the  coast.    The  Greek  church,  store,  and  resi- 
dence of  the  Alaska  Commercial  Company's  agent  are  frame  buildings, 
and  the  native  population,  40  souls,  live  in  barabaras.    The  men,  like 
those  of  the  other  villages  on  the  island,  are  hunters,  and  were  away 
on  their  summer  cruise  at  the  time  of  our  visit. 

The  examination  having  been  completed  to  the  northeast  end  of 
Umnak,  a  line  of  dredgings  was  run  thence  to  the  vicinity  of  Cape 
Cheerful  in  from  100  to  600  fathoms  with  satisfactory  results,  although 
the  rough  bottom  was  frequently  destructive  to  the  nets. 

We  returned  to  Iliuliuk  on  the  evening  of  August  21  after  an  inter- 
esting and  successful  trip.  The  search  for  cod  banks  in  Unalaska  Bay 
was  resumed  the  following  day,  which  was  unusually  clear  and  pleas- 
ant. The  region  from  Ulakhta  Head  to  Elder  Point  was  careftiUy 
examined,  and  the  examination  was  extended  to  Broad  and  IN'ateekin 
bays  without  developing  anything  that  could  be  called  a  fishing-bank 
Near  the  shores,  however,  particularly  on  the  west  side  of  the  bay,  cod 
were  plentiful  and  halibut  were  fairly  abundant.  These  shore  fisheries 
will  supply  the  local  demand  indefinitely,  but  nothing  more.  There 
was  a  large  school  of  finback  whales  feeding  in  Broad  Bay,  during  the 
day,  which  paid  but  little  attention  to  us,  simply  moving  out  of  the 
way  or  diving  under  the  ship  when  we  approached  them.  On  one  occa- 
sion the  same  school  was  seen  playing  around  a  whaler,  but  no  atten- 
tion was  paid  to  them.  Nothing  but  merchantable  bone  will  tempt  the 
modern  whaleman.    We  returned  to  port  the  same  evening. 

Hydrographic  information. — Bristol  Bay  may  be  said  to  include  all 
that  part  of  Bering  Sea  lying  east  of  a  line  drawn  from  the  Northwest 
Cape  of  Unimak  to  the  Kuskokwim  River.  The  island  of  Unimak  and 
the  Alaska  Peninsula  bound  it  on  the  east  and  separate  it  from  the 
Pacific  Ocean.  The  Naknek  River  is  at  the  head  of  deep-water  navi- 
gation, while  the  bay  itself  terminates  in  the  Kvichak  River,  a  few 
miles  to  the  northward.  The  region  about  the  Nushagak  River,  Kulu- 
kak  Bay,  and  the  Kuskokwim  forms  its  northwest  boundary. 

The  shore  lines  are  usually  low  and  without  distinctive  featare.^^  \yoA» 
high  mountain  ranges  and  volcanic  conea  extend  along  t\\e  ceiitT^\)^\\i& 
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of  Uniinak  and  the  Alaska  Peiiiusiila.  These  rugged  snow-covered 
mountains  and  lofty  peaks  would  serve  as  unmistakable  landmarks  were 
they  not  obscured  by  the  almost  constant  fogs  which  prevail  in  that 
region  during  the  summer  months.  In  fact  they  were  so  seldom  visible 
during  the  season  of  1890  that  the  officers  of  the  Albatross  made  no 
pretense  of  using  them  as  landmarks.  The  shore  line  and  objects  near 
the  sea  level  were  often  visible  beneath  the  fog  when  the  higher  lands 
were  obscured,  hence  most  of  the  available  landmarks  were  found  on 
or  near  the  beach. 

TJnimdk  Pass  to  Port  MoUer. — The  K"orthwe8t  Cape  of  Unimak  is  low, 
with  detached  rocks,  around  which  strong  tidal  currents  sweep.  Tlie 
land  falls  away  to  the  eastward  in  a  gentle  curve,  forming  an  open  bay 
about  4  miles  in  depth,  between  the  cape  and  Cave  Point,  which  lies 
NNE.  i  E.,  16  miles  from  the  former.  It  is  a  vertical  rocky  cliff  about 
150  feet  in  height,  and  takes  its  name  from  a  cave  on  its  face,  inhabited 
by  sea  birds,  which  in  summer  time  hover  about  it  in  thousands, 
making  it  conspicuous  in  clear  weather  by  their  numbers  and  in  fogs 
by  their  constant  cries.  The  snow-clad  peak  of  Progrumnoi  Volcano, 
rising  to  an  altitude  of  5,523  feet  above  the  sea,  forms  a  striking  back- 
ground to  the  low  monotonous  coast. 

Passing  Cape  Lapin,  a  low  bluff  point  8  miles  from  Cave  Point,  the 
coast  falls  away  slightly  for  6  miles,  when  it  turns  abruptly  to  the 
eastward  for  about  5  miles,  then  takes  a  northerly  direction,  foiming 
Shaw  Bay.  This  bay  is  oi)en  to  the  northward,  but  affords  protection 
from  all  winds  from  the  southward  of  east  or  west.  The  approaches 
are  clear  and  the  water  shoals  gradually  to  G  fathoms,  black  sand, 
about  three-quarters  of  a  mile  from  shore. 

From  Shaw  Bay  to  Isanotski  Strait  the  coast  trends  in  a  northeast- 
erly direction,  is  very  low  and  has  several  rocky  patches  extending  from 
half  a  mile  to  a  mile  or  more  from  shore,  making  navigation  unsafe 
inside  of  the  12-fathom  line.  The  volcano  of  Shishaldin  rises  8,953  feet, 
about  midway  between  the  above  points,  and  about  7  or  8  miles  inland. 
Isanotski  Strait  is  available  only  for  vessels  of  the  smallest  class. 

From  the  strait  to  Cape  Glasenap,  about  19  miles,  the  coast  line 
retains  the  same  general  direction,  and  is  verj'  low  until  reaching  the 
latter  point,  which  is  oval  in  form,  about  150  feet  in  height,  and  has 
been  called  Round  Point. 

Izenbek  Bay  covers  a  large  area  at  high  tide,  but  much  of  it  dries  at 
low  water;  a  small  vessel  may,  however,  find  a  secure  harbor  behind 
the  cape.  The  channel  follows  close  around  the  point  and  has  from  10 
to  12  feet  depth  on  the  bar. 

Amak  Island  is  of  volcanic  origin,  about  2^  mUes  in  length,  1^  in 
width,  and  1,682  feet  in  height.  It  lies  11  miles  northwest  from  Cape 
Glasenap.  The  beaches  are  mostly  of  huge  water- worn  bowlders,  hav- 
ing vertical  cliffs  from  30  to  150  feet  in  height,  with  moss-covered  pla- 
teaus, which  in  summer  time  are  covered  with  a  rank  growth  of  grass 
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and  wild  flowers.    The  central  peak  is  of  dark-browu  rock,  exceedingly 
ragged  and  precipitoas,  and  entirely  devoid  of  vegetation.    The  sonth- 

'st  point  was  found  to  be  in  latitude  55^  25'  05.6"  N.,  and  longitude 
1630  07'  33.6"  W.  There  is  foul  ground  off  the  northwest  extremity  of 
the  island,  several  rocks  awash  or  under  water,  and  Sea  Lion  Kock 
between  2  and  3  miles  distant.  It  is  several  hundred  yards  in  extent, 
and  about  150  feet  high,  its  slopes  being  occupied  by  an  extensive 
rookery  of  sea  lions. 

The  Khudiakofif  Islands  extend  about  19  miles  NNE.  ^  E.  between 
Cape  Glasenap  and  Moffett  Point.  They  are  but  little  above  high  water, 
and  some  of  them  are  connected  by  narrow  spits  when  the  tide  is  out. 
From  Mofifett  Point  the  low  coast  trends  F.  by  E.  15  miles  to  Gerstle 
Bay;  then  to  the  northward  and  eastward  about  55  miles  to  Wolf 
Point,  on  the  west  side  of  the  entrance  to  Port  MoUer. 

The  Khudnbine  Islands  occupy  the  last  23  miles  of  this  distance. 
They  are  very  low  and  it  is  difficult  to  distinguish  them  from  the  main- 
land, the  only  distinctive  feature  being  a  knob  about  25  feet  high  on  the 
east  end  of  Kritskoi.  The  land  between  Herendeen  Bay  and  Felson 
Lagoon  is  very  low.  The  snow-covered  pinnacle  of  Aghileen,  an  extinct 
crater,  and  the  still  smoking  cone  of  Pavloff  Volcano,  form  an  impres- 
sive background  to  the  region  north  and  east  of  Moffett  Point. 

Fort  MoUer^  Herendeen  Bay^  and  vicinity. — Port  Miiller  and  Iloren- 
deen  Bay  have  had  no  commercial  importance  until  the  recent  oi)ening  of 
a  coal  mine  in  the  latter,  which  has  drawn  attention  to  this  almost  un- 
known region.  The  Albatross  visited  the  mine  twice  during  the  season 
of  1890  and  made  a  survey  which  was  found  to  be  sufficiently  accurate 
fbr  purposes  of  navigation.  The  chart  should  be  used  with  cautiou, 
however,  until  it  is  ascertained  whether  the  extensive  banks  guarding 
the  entrance  are  permanent  or  shifting. 

To  enter  Port  MoUer  from  the  southward,  pass  Walrus  Island  in 
from  10  to  12  fathoms  and  bring  Entrance  Point  to  bear  ESE.  It  will 
then  be  about  8  miles  distant,  and  have  the  appearance  of  being  the 
southern  extremity  of  a  high  and  bold  headland,  the  first  that  ap- 
proaches the  coast  between  that  point  and  Cape  Glasenap.  Stand  in, 
keeping  the  point  on  the  above  bearing  until  within  2  or  3  miles,  when 
it  will  show  as  a  low  spit  backed  by  a  cluster  of  hillocks,  the  high  land 
referred  to  being  seen  farther  inland.  Pass  Entrance  Point  at  a  dis- 
tance on  1  mile,  steering  about  SSE.  J  E.,  and  stand  for  Harbor  Point, 
passing  it  within  a  quarter  of  a  mile,  where  anchorage  may  be  found. 
The  point  is  low.  A  shoal  makes  off  from  Entrance  Point  about  NW.  by 
N.,  extending  between  3  and  4  miles,  and  vessels  making  for  the  harbor 
from  the  northward  are  liable  to  run  in  behind  it.  Entrance  Point 
should  not  be  brought  to  bear  to  the  southward  of  SE.  after  having 
approached  within  4  miles  of  it. 

To  enter  Herendeen  Bay,  bring  Entrance  Point  to  bear  NE.  ^  E.,  1 
mile  distant,  and  Point  Divide  SSW.  §  W.,  8f  miles  distant,  then  steer 
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for  the  latter,  keeping  it  on  that  bearing  until  within  2J  miles,  wnen 
the  course  may  be  changed  to  about  SW.  f  S.,  passing  in  midchannel 
between  Point  Divide  and  Doe  Point.  The  least  water  is  4  fathoms  at 
the  entrance  to  the  channel.  Having  cleared  Hague  Channel,  bring 
Coal  Bluff  to  bear  SE.  J  S.,  and  stand  in  for  it  until  Point  Divide  bears 
S.  by  B.  i  B.,  IJ  miles  distant  and  about  400  yards  open  of  Doe  Point; 
then  SSE.  f  E.,  until  Eagle  Rock  is  abeam,  keeping  the  above  points 
a  little  open  to  clear  Half- tide  Rock.  Then  steer  S.  by  E.  J  E.  until 
Shingle  Point  is  abeam,  when  a  course  may  be  laid  for  Mine  Harbor, 
giving  Bluff  Point  a  berth  of  about  a  quarter  of  a  mile. 

Mine  Harbor  is  small  but  free  from  dangers,  except  Midway  Rock, 
which  shows  at  half  tide.  Anchor  in  from  12  to  15  fathoms,  and  if  a 
vessel  intends  to  remain  any  length  of  time  it  is  advisable  to  moor.  It 
is  high  water  in  Mine  Harbor,  frill  and  change,  at  8^  0*"  0",  rise  15  feet, 
and  it  occurs  at  Entrance  Point  about  two  hours  earlier,  with  a  rise  of 
10  to  12  feet. 

Hague  Channel  is  1  mile  in  width  at  its  northern  entrance,  and  is 
contracted  to  less  than  half  a  mile  between  Point  Divide  and  Doe 
Point.  The  tidal  streams  are  very  strong,  and  near  high  water  they 
sweep  across  the  narrow  channel  and  over  the  flats,  making  it  impos- 
sible to  steer  a  compass  course.  They  are  more  regular  near  low  tide, 
which  is  the  best  time  to  make  the  passage,  as  the  channel  is  indicated 
by  the  flats  showing  above  water  on  either  hand. 

Johnston  Channel  has  from  7  to  15  fathoms  of  water,  but  is  very  nar- 
row, with  steep  sides.  It  is  difficult  to  find,  but,  once  in,  the  naviga- 
tion is  comparatively  simple,  as  the  tides  follow  the  general  direction  of 
deep  water.  The  width  of  the  northern  entrance  is  a  quarter  of  a  mile, 
which  it  maintains  with  little  variation  until  near  the  southern  extrem- 
ity, when  it  contracts  to  250  yards.  Having  cleared  the  channel  and 
entered  the  upper  bay,  there  is  ample  room  and  depth  of  water  in  every 
direction.  Crow  Reef  being  the  only  outlying  danger. 

Anchorages  may  be  found  anywhere  between  Walrus  Island  and  En- 
trance Point  in  case  of  fog,  and  a  vessel  may  anchor  in  Hague  Channel, 
but  the  tides  are  strong.  There  are  fairly  good  anchorages  under  the 
north  side  of  Point  Divide  and  Doe  Point,  where  near  the  bank  a 
vessel  will  be  out  of  the  strength  of  the  current.  The  Albatross  an- 
chored in  midchannel  a  mile  inside  of  the  above  x>oints  at  the  time  of 
spring  tides,  and  the  flood  came  in  with  a  bore  between  2  and  3  feet  in 
height,  the  patent  log  registering  a  9-knot  current  for  some  time, 
with  a  swell  which  occasionally  splashed  into  the  scuppers.  There  is 
fairly  good  anchorage  off  the  northern  entrance  to  Johnston  Channel, 
and  an  excellent  one  at  its  southern  extremity  off  Marble  Point,  in  feet, 
almost  anywhere  in  the  upi)er  bay  where  the  wat^r  is  not  too  deep.  The 
last  quarter  of  flood  tide  is  the  best  time  to  pass  through  this  channel. 

High  land  rises  at  the  base  of  Harbor  Point  and  extends  to  the 
northward  and  eastward  near  the  center  of  the  peninsula.    Point  Di- 
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yide  is  50  feet  high,  and  monntain  ranges  rise  a  few  miles  back.  The 
coal  measures  are  found  between  Mine  Harbor  and  the  head  of  Port 
Holler.  Doe  Point  is  40  feet  in  height,  while  the  rest  of  Deer  Island 
and  the  mainland  south  and  west  of  it  is  generally  lower.  The  southern 
shores  of  Herendeen  Bay  are  mountainous,  with  intervening  valleys, 
the  whole  face  of  the  country  being  covered  with  rank  grass  and  wild 
flowers  during  the  summer  months;  but  there  is  no  timber  except  oc- 
casional small  poplars,  alder  bushes,  and  willows.  Fresh  winds  with 
fog  and  mist  blow  across  the  low  divides  from  the  Pacific,  obscuring  the 
sun  and  greatly  increasing  the  rainfall  in  Port  Moller  and  vicinity. 

The  region  is  uninhabited  except  by  men  employed  at  the  coal  mine, 
yet  bears  and  reindeer  were  plentiful  and  the  waters  teemed  with 
salmon.  There  are  no  large  fresh-water  streams  entering  the  bay, 
however,  which  probably  accounts  for  the  absence  of  Eskimos. 

Port  Moller  to  the  Knskokwim  River. — The  coast  is  low  for  19  miles 
between  Entrance  Point  and  Cape  Kutuzof,  which  rises  in  a  rounded 
bluff  to  an  elevation  of  160  feet. 

Cape  Seniavin,  11  miles  to  the  northward  and  eastward,  is  a  rocky 
point  75  feet  in  height.  Passing  it,  the  low  monotonous  beach  continues 
to  the  Seal  Islands,  a  cluster  of  small  hillocks  near  the  beach,  12  miles 
from  Gape  Seniavin,  being  the  only  exception.  The  Seal  Islands  are 
composed  of  several  small  islets,  but  little  above  high  water,  strung 
along  the  coast  for  about  10  miles.  Thence  to  Cape  Strogonof  the  land 
continues  very  low. 

Port  Haiden  is  said  to  be  a  good  harbor,  but  we  did  not  examine  it. 

Should  a  survey  show  it  to  be  safe  it  will  prove  a  great  convenience  to 

Vessels  employed  on  the  northern  part  of  Baird  Bank.    The  approach 

to  Port  Haiden  will  be  recognized  by  high,  bold  headlands  which  rise 

from  its  northern  shore.    Chestakof  Island,  low  and  crescent-shaped, 

forms  the  seaward  side  of  the  harbor,  the  channel  lying  between  its 

northern  extremity  and  a  reef  which  makes  out  from  the  land.    The 

same  low  coast  extends  to  Cape  Menchikof  in  nearly  a  direct  line,  the 

high  land  of  Port  Haiden  gradually  receding  from  the  coast. 

The  Ugashik  or  Sulima  Eiver  lies  to  the  northward  of  Cape  Mench- 
ikof and  has  been  reported  navigable  for  several  miles  by  vessels  of  14 
feet  draft.  The  schooner  Pearl  enters  the  river,  but  her  captain  reports 
a  wide  bar  having  intricate  channels,  strong  currents,  and  usually  a 
heavy  swell.  Ten  feet  is  about  all  that  can  be  carried  in  with  safety. 
Once  inside  it  is  reported  to  be  a  good  harbor,  but  it  can  hardly  be 
considered  available  for  the  ordinary  purposes  of  fishing  vessels. 

Cai)e  Grey,  a  bluff  243  feet  in  height,  and  a  peculiar-notched  moun- 
tain some  distance  inland,  are  good  landmarks  for  the  river.  The  low 
coast  continues  from  the  cape  to  the  Ugaguk  Eiver,  and  thence  to  the 
Naknek  Eiver,  with  hardly  a  distinguishing  feature  except  Johnston 
Hill,  a  solitary  elevation  5  miles  from  the  beach  and  about  9^  miles 
B.  i  E.  from  the  mouth  of  the  Naknek.    The  coast  sweeps  in  a  g!C2ifiAt\si 
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carve  to  the  northward  between  Cape  Grey  and  the  Ugagnk^  and 
thence  to  the  eastward  to  the  Naknek  Biver.  A  narrow  gravel  bank 
lines  the  coast  in  several  places,  behind  which  a  strip  of  water  is  seen 
particularly  at  or  near  high  tide. 

The  Naknek  Biver  may  be  considered  at  the  head  of  deep-water 
navigation  in  Bristol  Bay.  The  Albatross  found  anchorage  in  6  fath- 
oms about  6  miles  southwest  from  Gape  Suworof,  the  water  shoaling 
rapidly  to  3  fathoms  toward  the  head  of  the  bay.  Vessels  of  moderate 
depth  can  pass  the  bar  at  high  water,  but  there  is  hardly  depth  enough 
to  float  a  ship's  boat  when  the  tide  is  out.  It  is  deeper  inside,  however, 
and  a  small  vessel  may  find  anchorage  with  swinging  room.  There  is 
a  fishing  station  on  the  river  which  is  visited  periodically  by  a  small 
steam  tender.  The  South  Head  is  in  latitude  58^  42'  04.3''  N.,  and  longi- 
tude 1570  02'  45.4"  W.  High  water,  fiill  and  change,  1^  06" ;  rise  23 
feet,  approximate.  Shoal  ground  makes  off  from  the  west  shore,  con- 
fining the  channel  in  one  place  to  about  3  miles  in  width*  It  may 
possibly  be  a  middle  ground  with  a  channel  on  the  other  side,  but  the 
conditions  off  Etolin  Point  seem  to  discredit  it. 

The  Nushagak  Biver  is  assuming  considerable  importance  as  the 
location  of  a  trading  station  and  several  large  and  well-equipped  sal- 
mon-canning establishments.  Protection  Point,  at  the  entrance  to  the 
river,  is  50  miles  SW.  by  W.  Irom  Faknek  Biver,  and,  owing  to  swift 
currents  and  extensive  shoals,  it  may  be  classed  among  the  most  intri- 
cate pieces  of  navigation  in  Bristol  Bay.  A  6-knot  current  is  frequently 
encountered;  hence  th^  shifting  of  banks  and  shoals  must  be  expected, 
and  the  necessity  for  the  constant  use  of  the  hand  lead  becomes  too 
obvious  to  require  remark;  indeed,  the  warning  from  a  lead  on  each 
side  will  leave  but  a  small  margin  of  safety  at  times.  The  land  on  both 
sides  of  the  entrance  is  very  low  and  it  is  difficult  to  recognize  Etolin 
Point,  even  under  favorable  conditions.  A  vessel  from  the  westward 
would  make  the  Walrus  Group  and  follow  the  coast  to  Cape  Gonstan- 
tine,  and,  having  cleared  the  outlying  shoals,  stand  in  for  Protection 
Point,  which  is  difficult  of  recognition  from  a  distance. 

Nichols  Hills,  280  feet  in  height,  are  a  cluster  of  rounded  elevations 
5  miles  northwest  of  the  above  point,  and  they  are  the  first  natural 
objects  distinguishable  on  the  peninsula.  Bring  them  to  bear  WNW. 
and  stand  in,  keeping  them  on  that  bearing  until  Protection  Point  bears 
about  south,  and  anchor,  making  due  allowance  for  falling  tide. 

There  is  a  pilot  station  on  the  point  with  a  small  flagstaff,  on  which 
a  flag  will  be  hoisted  if  the  pilot  is  at  home.  He  is  an  Eskimo  and 
speaks  very  little  English,  but  he  knows  the  channel.  If  he  is  not  at 
the  point  when  the  vessel  arrives,  he  will  probably  be  at  Ekuk  and 
may  be  expected  on  board  within  a  few  hours  if  the  weather  is  not  too 
rough  for  his  kaiak.  A  stranger  should  not  attempt  to  go  above  Pro- 
tection Point  without  a  pilot.  Clark  Point  is  a  bluff  200  feet  in  height, 
18  miles  N.  by  W.  from  Protection  Point.  The  land  begins  to  rise 
below  Eknk^  reaches  its  greatest  elevation  at  Clark  Point,  and  varies 
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from  100  to  150  feet  in  height  to  Nashagak.    The  usual  anchorage  is 

torn  a  mile  to  a  mile  and  a  half  above  Olark  Point.    Ekuk  is  an  Eskimo 

village  located  on  the  bluff  about  3  miles  below  the  point.    The  west  side 

is  generally  lower,  but  firom  Ooffee  Point  to  the  northward  bluffs  rise 

from  50  to  200  feet. 

The  reconnaissance  of  the  Lower  Nushagak  was  made  during  the  few 
days  we  were  detained  in  the  river.  The  principal  points  are  located 
by  triangulation  and  Clark  Point  by  astronomical  observations.  The 
reduction  of  soundings  to  low  water  depended  upon  the  tides  during  our 
8tay.  It  is  to  be  regretted  that  we  were  unable  to  extend  the  soundings 
to  the  west  shore. 

The  Nushagak  Packing  Company  have  a  cannery  at  Clark  Point, 
aad  there  are  three  others,  also  a  trading  station,  on  the  river,  the 
latter  at  Nushagak,  formerly  called  Fort  Alexander.  Vessels  of  mod- 
erate draft  can  reach  the  canneries  and  with  a  little  care  find  anchor- 
age with  sufficient  water  even  during  the  lowest  tides.  The  timber 
Une  is  well  defined  about  3  miles  below  the  mouth  of  Wood  Eiver  and 
extends  to  the  westward  as  far  as  the  eye  can  reach.  The  weather  was 
pleasant  during  our  stay,  and  from  all  reports  there  is  less  fog  in  the 
Kushagak  than  in  any  other  part  of  Bering  Sea. 

Olark  Point,  foot  of  bluff,  is  in  latitude  58o  49'  14"  N.  and  longitude 
1580  31'  43.9"  W.  High  water,  full  and  change,  00^  53"  00-  (approxi- 
mate); rise,  24  feet;  variation,  23^  40'  E. 

Cape  Constantino,  the  southeast  extremity  of  land  at  the  entrance 
to  the  Nushagak,  is  very  low,  and  shoals  extend  10  or  12  miles  to  the 
Boathward  and  eastward,  making  its  approach  in  thick  weather  very 
dangerous.  There  is  said  to  be  a  channel  between  the  cape  and  the 
iiist  shoal,  but  the  report  requires  verification.  The  coast  increases 
in  height  to  the  westward  of  the  cape,  the  headlands  in  Kulukak  and 
Togiak  bays  reaching  an  altitude  of  500  feet  or  more. 

The  Walrus  Group  is  composed  of  three  islands  and  three  rocks,  all 
above  water,  extending  16  miles  east  and  west  and  about  6  miles  north 
and  south.  Kound  Island,  the  easternmost  of  the  group,  lies  W.  i  S., 
36  miles  from  Cape  Constantino.  It  is  very  nearly  2  miles  in  length, 
three-quarters  of  a  mile  wide,  and  about  800  feet  high,  its  west  end  being 
in  latitude  58©  36'  09"  N.  and  longitude  159^  57'  51.7"  W.  Crooked 
Island  is  between  4  and  5  miles  in  length  and  2  miles  at  its  greatest 
width.  The  eastern  part  is  rather  low,  but  toward  the  western  extrem- 
ity  the  elevation  is  nearly  equal  to  that  of  Bound  Island.  There  is 
quite  a  large  bay  on  the  northeast  side,  but  we  did  not  examine  it. 
High  Island,  the  westernmost  of  the  group,  is  4  miles  in  length,  about 
a  mile  in  width,  and  900  feet  or  more  in  height. 

The  Twins,  4  miles  to  the  southward  of  Crooked  Island,  are  two  iso- 
lated rocks  the  larger  300  and  the  smaller  100  feet  in  height.  Black 
Bock,  about  150  feet  high,  lies  1  mile  to  the  northward  of  the  south 
end  of  Crooked  Island.  'So  other  outlying  dangers  were  seen  in  pass- 
ing between  the  islands  and  the  mainland.   From  6  to  10  ia^^om^^^^ 
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found  abreast  of  the  group,  the  depth  gradually  decreasing  to  3  fath- 
oms off  the  north  end  of  Hagemcnster  Island.  We  were  near  the  shore, 
however,  and  would  doubtless  have  found  more  water  in  midchannel. 

Hagemeister  Island  lies  9  miles  west  of  Higii  Island,  is  14  miles  in 
length  and  8  in  width.  It  is  mountainous  except  for  about  5  miles  at 
the  north  end.  Shoal  ground  surrounds  the  island  and  extends  from 
20  to  25  miles  to  the  eastward,  including  the  area  between  Hagemeister 
and  the  Walrus  Group. 

Hagemeister  Channel  is  about  16  miles  in  length  and  lies  between 
the  island  of  that  name  and  the  mainland.  It  is  from  3  to  4  miles  in 
width,  but  long  shingle  spits  contract  it  in  two  places  to  less  than  2 
miles.  The  least  water  was  4J  fathoms.  Good  anchorage  was  found 
under  Tongue  Point,  the  shingle  spit  making  out  from  the  mainland 
about  midway  of  the  channel.  From  the  above  anchorage  the  Alba- 
tross stood  directly  to  sea,  passing  within  a  mile  of  the  southwest 
extremity  of  Hagemeister  Island,  tbenccS.  J  W.,  shoaling  the  water  to 
3  fathoms  7  miles  from  the  island.  Greater  depths  might  possibly  be 
found  by  taking  a  more  westerly  course.  The  tides  are  very  strong 
through  the  channel.  We  were  visited  by  a  number  of  Eskimos  while 
at  anchor  under  Tongue  Point. 

Cape  Peirce  is  of  moderate  height  and  symmetrical  form,  while  Gape 
I5"ewenham  is  high  with  sharp  peaks  and  rugged  lines.  The  Albatross 
found  anchorage  under  the  latter  cape  neat  Seal  Rock  during  a  south- 
erly gale  and  rode  it  out  very  comfo  rtably,  notwithstanding  swift  cur- 
rents and  heavy  tide  rips. 

The  Kuskokwim  River  is  much  dreaded  by  navigators  on  account  of 
its  extensive  shoals,  strong  currents,  etc.  The  Albatross  ascended  it 
between  35  and  40  miles  without  difficulty  or  delay,  but  encountered 
extensive  shoals  on  her  return;  thick  weather  and  the  lack  of  time 
prevented  an  extended  examination.  These  shoals  commenced  about 
9  mUes  WSW.  from  Good  News  Bay  and  extended  in  a  westerly  direc- 
tion for  10  miles  or  more.  There  was  a  channel  between  the  shoal 
and  the  land  about  4  miles  wide,  having  a  depth  of  5  fathoms.  From 
a  point  6  miles  WSW.  from  the  west  head  of  Good  News  Bay 
we  stood  direct  for  Cape  Newenham,  the  least  depth  being  4  fathoms. 
Great  quantities  of  fresh  water  are  borne  down  the  Kuskokwim  by 
rapid  currents,  and,  while  there  have  been  no  surveys  by  which  changes 
can  be  noted,  there  seems  no  reasonable  doubt  that  great  alterations 
have  taken  place  since  Cook  ascended  the  river  in  the  last  century. 

Meteorological  conditiotis  in  Bering  Sea. — The  winds  and  weather  in 
Bristol  Bay  and  other  parts  of  Bering  Sea  visited  by  the  Albatross  from 
the  last  of  May  to  the  1st  of  September  may  be  summarized  in  a  few 
words.  Southwest  winds  prevailed,  but  we  had  them  from  southeast 
to  northwest.  It  was  boisterous  weather  nearly  half  the  time,  but 
seldom  rough  enough  to  interfere  with  our  work.  We  had  several 
summer  gales  of  moderate  force,  but  no  severe  storms.    Fog  and  mist 
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prevailed  and  a  clear  day  was  a  rare  exception.  The  tidal  currents  were 
strongest  in  the  vicinity  of  Unimak  Pass  and  the  head  of  the  bay; 
tJiey  were  greatly  affected,  however,  by  the  winds.  The  flood  stream 
set  to  the  northward  and  slightly  inshore  along  the  coasts  of  Unimak 
and  the  peninsula;  the  ebb,  to  the  southward  and  slightly  offshore. 
Tlie  former  was  invariably  the  stronger  and  probably  found  an  outlet 
lyy  sweeping  past  Cape  Constantino  in  the  direction  of  Cape  ]^ewenham. 
Tliere  has  been  no  systematic  study  of  Bering  Sea  currents  and  the 
almost  constant  fogs  prevent  the  navigator  from  adding  much  to  our 
meager  knowledge  concerning  them. 

Well-equipped  fishing  vessels  can  anchor  anywhere  on  Baird  or  Slime 

Banks  and  lay  out  such  winds  as  they  would  be  likely  to  encounter 

during  the  summer  months.    The  peninsula  will  afford  a  weather  shore 

for  southeast  winds  and  Amak  Island  offers  fairly  good  protection  on 

its  southeast  and  southwest  sides.    Port  MoUer  and  Herendeen  Bay 

will  be  ports  of  call  for  fishermen  when  they  become  better  known. 

Port  Haiden  may  also  prove  available  after  it  has  been  surveyed. 

UNALASKA  TO  SAN  FRANCISCO,  AUGUST  AND  SEPTEMBER,  1890. 

We  coaled  ship  on  the  25th,  and  at  1 :15  p.  m.  the  following  day  left 

in  company  with  the  revenue  cutter  Bush^  the  latter  bound  to  the  Seal 

Islands.    The  atmosphere  was  unusually  clear,  and,  as  we  had  never 

used  Akutan  Pass,  we  availed  ourselves  of  the  favorable  opportunity 

of  passing  through  and  examining  it.     There  is  a  clear  channel  2 

miles  or  more  in  width  between  Gape  Morgan  and  four  small  islets 

lying  off  Unalga  Island,  free  from  dangers  except  near  the  shores,  with 

26  fathoms,  rocky  bottom,  in  the  narrowest  part  of  the  pass.    We 

steamed  to  the  eastward  during  the  night,  and  at  6:17  the  following 

morning  cast  the  trawl  in  280  fathoms  in  latitude  53^  56'  K.  and  longi- 

tade  163^  25'  W.,  about  9  miles  from  the  reported  position  of  Lenard 

Bock,  bat  saw  no  indications  of  shoal  water,  although  the  weather  was 

clear  and  a  lookout  was  kept  at  the  masthead. 

A  line  of  soundings  and  dredgings  was  run  outside  of  the  100-fathom 
curve,  past  the  Sannaks  and  Shumagins,  to  the  vicinity  of  the  Trinity 
Islands,  where,  in  67  fathoms,  latitude  56^  02'  I^.  and  longitude  153o 
52'  W.,  we  took  our  departure.  Eunning  E.  3^  S.  true  11  miles,  we 
found  207  fathoms;  then  E.  true,  with  intervals  of  20  miles,  the  follow- 
ing depths  were  found  across  the  line  of  the  great  submarine  trough 
which  extends  along  the  Aleutian  Islands,  viz :  1,152,  2,197,  2,620,  2,935, 
and  2,925  fathoms.  Increasing  the  interval  to  30  miles,  we  found  2,776 
fathoms,  and  a  further  distance  of  62  miles  gave  us  2,414.  The  maxi- 
mum depth  was  found  in  latitude  56°  02'  1^.  and  longitude  151o  12'  W. 
It  will  be  observed  that,  while  the  depths  are  less  than  those  found 
fitrther  west,  they  are  at  least  800  fathoms  greater  than  the  normal, 
showing  that  the  easterly  extension  of  the  depression  reaches  that 
point.  The  line  of  soundings  was  extended  to  the  Queen  Charlotte 
lalaDds,  where  a  successful  haul  of  the  trawl  was  made  in  1,5^  Mkoisi^^ 
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The  high  land  of  the  above  groap  was  sighted  on  the  3d  of  September 
and  we  passed  the  Scott  Islands  the  following  evening. 

Entering  the  straits  of  Fuca  at  midnight  of  September  5,  we 
reached  Port  Townsend  at  12:20  p.  m.  the  following  day,  where  we 
foand  a  large  mail  awaiting  our  arrivaL  Many  improvements  were 
observed  in  and  about  the  city;  blocks  of  buildings  had  been  erected 
during  the  year;  electric  and  steam-motor  street  railways  were  in 
operation;  and  20  miles  of  the  Port  Townsend  and  Southern  Railroad 
was  officially  opened  on  the  12th.  Repairs  on  the  machinery  were  com- 
pleted on  the  15th  and  we  left  the  following  morning  for  Departure 
Bay  for  coal.  A  dense  fog  and  smoke  made  navigation  very  difficult, 
and,  after  feeling  our  way  through  Rosario  Straits,  we  anchored  at  the 
Sucie  Islands  for  the  night,  finally  reaching  our  destination  at  2:25 
p.  m.  the  following  day.  Taking  on  board  183  tons  of  coal,  we  returned 
to  Port  Townsend,  reaching  that  port  at  1 :30  p.  m.  on  the  20th. 

Getting  under  way  again  at  3  p.  m.,  we  passed  Race  light  at  8  p.  m. 
and  made  Gape  Flattery  light  at  1  a.  m.,  the  fog  having  lifted.  Two 
hauls  of  the  trawl  were  made  during  the  2Ist  in  516  and  831  fathoms 
off  the  Washington  coast;  and,  steaming  to  the  southward  during  the 
night,  three  hauls  were  made  next  day  oil'  the  coast  of  Oregon  in  759, 
786,  and  345  fathoms.  Standing  to  southward  during  the  night,  through 
dense  fog  and  smoke,  we  crossed  Heceta  Bank,  made  Gape  Orford  at  1 
p.  m.  on  the  23d,  passing  Fox  Rock  an  hour  later.  Nothing  more  was 
seen  until  we  reached  Gape  Mendocino  the  next  morning.  The  weather 
had  somewhat  improved  and  objects  could  be  seen  from  1  to  2  miles. 

Gommencing  at  the  cape  we  defined  the  200-fathom  line  as  £Ebr  south 
as  Point  Arena  and  made  a  series  of  dredgings  from  455  £a,thoms  to 
the  coast.  The  bank  was  very  steep  near  Gape  Mendocino,  but  gradu- 
ally extended  until,  off  Point  Arena,  the  200-fathom  line  was  10  miles 
from  shore.  There  are  no  fishing-banks  proper  in  that  region,  but  the 
usual  coast  fishes  will  be  found  in  spots  along  the  shore.  The  beam 
trawl  may  be  used  in  the  region  about  Point  Arena,  but  stony  spots 
occur  at  intervals  which  would  be  liable  to  damage  the  nets.  The 
bottom  seems  smoother  to  the  southward  toward  Point  Reyes,  and  the 
ground  will  doubtless  be  fished  with  nets  of  some  description  as  the 
demand  for  flatfish  increases  in  the  San  Francisco  market. 

Having  completed  our  work,  we  started  for  port  at  4  p.  m.,  Septem- 
ber 25,  arriving  in  San  Francisco  at  8  o'clock  on  the  morning  of  the  26th. 

NATUBAL  HISTORY  OBSERVATIONS. 

The  fauna  of  Bristol  Bay,  other  parts  of  Bering  Sea,  and  the  Pacific 
Ocean,  developed  by  the  use  of  the  trawl  and  dredge  during  the  season, 
will  be  reported  upon  by  Prof.  G.  H.  Gilbert,  but  it  may  not  be  out  of 
place  to  add  here  a  few  general  remarks  upon  this  subject.  A  marked 
feature  of  the  dredging  on  Slime  Bank  was  the  great  numbers  of  me- 
duBSd  OT  jellyfishes  brought  up  in  every  haul  of  the  net.    The  species 
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was  not  determined,  but  may  be  described  as  rusty-brown  in  color,  from 
6  to  18  inches  in  diameter,  and  with  long,  slender  tentacles  well  pro- 
vided with  stinging  cells.  They  inhabit  an  intermediate  zone  not  far 
from  the  bottom,  and  their  numbers  increase  with  the  advance  of  the 
season,  until  they  become  a  great  nuisance  to  the  fishermen.  Star- 
fifihes  are  abundant  both  in  numbers  and  species.  Si)ongeSy  sea- 
urchins,  various  species  of  crustaceans,  shells,  and  other  invertebrates, 
including  many  forms  of  hydroids,  are  generally  found  in  large  num- 
bers. 

The  principal  feature  of  the  many  hauls  on  Baird  Bank  was  the  great 
abundance  of  starfishes,  of  at  least  a  dozen  species,  one  large  variety 
predominating.  They  composed  the  bulk  of  nearly  every  haul.  Sponges, 
sea-urchins,  shells,  and  other  invertebrates  were  found  in  great  num- 
bers, about  in  the  order  mentioned  as  regards  abundance.  Much  of 
Baird  Bank  is  covered  with  hydroids,  which  were  brought  up  in  matted 
banches  containing  many  species.  Sculpins^  small  alligator-fishes^ 
flounders,  and  other  species  occurred  in  every  haul,  and  an  occasional 
large  skate  would  appear  among  them.  Codfish  and  halibut  usually 
avoided  the  net,  yet  specimens  were  taken  occasionally.  Annelids 
were  common  in  most  hauls,  and  one  haul  in  particular  (Xo.  3287)  con- 
tained fully  2  bushels,  consisting  mainly  of  one  species,  which  probably 
furnished  the  chief  food  of  codfish  on  that  part  of  the  bank.  A  variety 
of  small  crustaceans  and  naked  mollusks  may  be  added,  as  they  were 
pretty  evenly  distributed  over  the  bottom.  It  was  observed  that  rep- 
resentatives of  nearly  every  species  found  in  similar  depths  on  Slime 
Bank  were  included  in  each  haul. 

To  the  northward  a  marked  change  took  place  in  the  bottom  fauna, 
ophiorans  and  astrophytons  exceeding  all  other  forms  in  abundance, 
while  large  bivalve  shells  resembling  Schizothcerus  appeared  for  the 
first  time.  It  will  be  observed  that  the  bottom  differed  in  character 
from  that  of  Baird  Bank,  more  or  less  mud  entering  into  its  composition. 

In  Herendeen  Bay,  during  July  and  August,  the  streams  were  full 
of  dog  salmon.  Excellent  flounders  and  large  edible  prawns  were  taken 
in  abundance  at  the  anchorage  in  Mine  Harbor.  Later  in  the  season 
dredging  was  carried  to  the  deeper  waters  of  Bering  Sea,  north  and 
west  of  TJnalaska^  with  very  interesting  results.  It  was  new  ground 
and  most  of  the  material  obtained  was  so  unfamiliar  as  to  prevent 
identification.  At  station  'So.  3307  (1,103  fathoms),  Myctophum  (three 
species),  Macrurusj  Antimora,  and  several  other  genera  of  fishes  were 
taken,  while  among  invertebrates  there  were  five  species  of  starfishes, 
alcyonarians,  sea-urchins,  two  species  of  large  prawns,  an  octopus,  etc. 
Increasing  the  depth  to  1,600  fathoms  at  station  Ko.  3308,  there  were, 
^ong  fishes,  Synaphohranchtut,  Antimora^  NotacanthuSy  MyctophuMj 
OareproctuSy  etc.,  and  among  the  invertebrates,  sea-anemones,  holothu- 
nans,  mednsae^  starfishes,  large  crabs,  crimson  prawns,  etc.  Station 
^0. 3311,  in  85  fathoms,  at  the  entrance  to  Captain  Harbor,  yields ««Nr- 
^  new  fishes  and  sponges,  besides  some  fine  brachiopodB  au^  th^t^ 
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common  forms.  A  rare,  if  not  new,  A7itedon  was  the  chief  prize  from 
station  No.  3316,  in  309  fathoms.  Station  No.  3317,  in  165  fathoms,  off 
Maknshin  Volcano,  furnished  a  dozen  or  more  species  of  oddly  shaped 
sponges  and  pink  cap-corals,  while  station  No.  3319,  in  59  fathoms, 
was  remarkable  for  a  quantity  of  large  branching  flesh-colored  alcyo- 
naria,  of  the  shape  and  general  appearance  of  a  sea  fan.  Station  No. 
3321,  in  54  fathoms,  gave  us  a  remarkable  massive  red  alcyonarian 
not  previously  observed. 

After  leaving  Bering  Sea  en  route  for  San  Francisco,  a  line  of  dredg- 
ings  was  run  along  the  chain  of  islands  lying  off  the  Pacific  shores 
of  the  Alaska  Peninsula,  the  specimens  corresponding  generally  with 
those  taken  in  the  same  region  during  the  season  of  1888.  The  first 
notable  exception  was  at  station  No.  3340,  in  695  fathoms,  muddy  bot- 
tom. In  addition  to  a  large  number  of  deep-sea  fishes  and  inverte- 
brates, there  were  about  50  specimens  of  MeicrurtiSy  representing  four 
species,  two  individuals  being  of  extraordinary  size,  weighing  14  and 
19  pounds  each.  Still  farther  southward,  on  September  3,  station  No. 
3342  was  made  with  the  beam  trawl  in  1,588  fathoms,  gray  ooze  and 
coarse  sand,  off  the  coast  of  Queen  Charlotte  Island,  and  within  sight 
of  the  high  lands.  Among  the  fishes  were  two  species  of  MtwruruSj 
several  specimens  of  Antinwra,  and  others  not  recognized.  Among 
the  invertebrates  were  an  octopus,  barnacles,  shiimps,  sea-anemones, 
amphipods,  starfishes,  two  species  of  corals,  hydroids,  and  several 
beautiful  stalked  crinoids,  which  were  secured  in  the  best  of  order. 

INVESTIGATIONS   OFF    THE    WEST  COAST   OF  MEXICO   AND   CENTRAL 
AMERICA  AND  OFF  GALAPAGOS  ISLANDS,  JANUARY  TO  MAY,  1891. 

Preparations  for  the  cruise. — Prof.  Charles  H.  Gilbert  left  for  the  East 
on  September  27  and  Passed  Assistant  Surgeon  J.  E.  Gardner  was 
relieved  by  Passed  Assistant  Surgeon  N.  H.  Drake  the  same  day.  The 
specimens  collected  during  the  summer  were  shipped  to  Washington 
on  the  29th.  We  went  to  the  navy -yard,  Mare  Islaud,  on  the  30th  of 
September  and  commenced  the  work  of  repairing  and  refitting.  The 
long  cruise  in  Bering  Sea  resulted  in  unusual  wear  and  tear  to  the 
machinery,  sails,  and  rigging. 

Ensign  Marbury  Johnston  was  detached  from  the  Albatross  Novem- 
ber 9 ;  Ensign  O.  M.  McCormick,  on  the  14th ;  and  Ensign  E.  W.  Eberle, 
on  the  27th.  These  gentlemen  had  served  three  years  on  board  of  this 
vessel,  and  the  Commission  is  indebted  to  them  for  much  valuable 
service.  Eusigii  Johnston  is  deserving  of  special  mention.  He  was 
ordered  as  watch  officer,  but  acted  as  executive  and  navigator  about 
a  year,  performing  the  duties  in  a  very  satisfactory  manner.  He  made 
the  surveys  of  Herendeen  Bay  and  the  Lower  Nushagak  and  lent 
material  aid  in  the  general  corrections  to  the  Bristol  Bay  charts. 

I  was  ordered  to  proceed  to  Washington  to  confer  with  the  Commis- 
sioner regarding  the  work  of  the  vessel,  and  left  for  that  purpose  on 
the  Wtii  of  October,  returning  December  11.    The  repairs  were  prac- 


mVESTIOATIONS  OP   THE  ALBATR0JB8.  257 

tically  completed  on  the  ftrst  of  January,  1891,  and  it  only  remained 
to  dock,  clean,  and  paint  the  bottom  and  take  on  board  coal  and  pay- 
master's stores,  to  fit  the  vessel  for  sea. 

We  had  a  dock  trial  of  the  engines  on  the  afternoon  of  January  7, 
when  everything  was  found  to  work  satisfactorily.  E.  A.  Anderson, 
ensign,  XJ.  S.  Navy,  reported  for  duty  January  13,  and  J.  H.  L.  Hol- 
combe,  lieutenant  (junior  grade),  U.  S.  Navy,  on  the  15th.  The  vessel 
went  into  the  naval  dry  dock  on  the  21st,  when  the  work  of  scraping 
and  painting  commenced.  The  bottom  was  very  foul,  between  15  and 
20  tons  of  foreign  matter  being  scraped  from  it.  Ohief  Engineer  G.  E. 
Boelker,  U.  S.  Navy,  was  sent  to  the  naval  hospital  on  the  22d,  with 
acute  bronchitis,  and  Assistant  Engineer  J.  E.  Wilmer,  XJ.  S.  Navy, 
reported  for  duty  the  following  day,  Mr.  Eoelker  being  detached.  We 
came  out  of  the  dock  on  the  26th  and  steamed  down  to  San  Fran- 
cisco, anchoring  at  4 :30  p.  m.  Oommenced  coaling  from  a  lighter  the 
following  morning. 

At  10:30  p.  m.,  after  the  crew  were  in  their  hammocks,  cries  of  dis- 
tress were  heard,  and  it  was  soon  ascertained  that  a  boat  had  swamped, 
leaving  a  number  of  men  struggling  in  the  watei*.  A  strong  tide  was 
running  and  there  was  quite  a  heavy  swell  in  the  bay.  The  dingey  was 
inanued  as  quickly  as  possible,  and  Lieut,  llolcombe,  officer  of  the  deck, 
took  charge  and  went  to  the  rescue,  finally  picking  up  seven  men 
belonging  to  the  American  ship  Retice,  and  a  boatman  belonging  to  the 
Sailors'  Home,  some  of  them  in  an  exhausted  condition.  They  were 
brought  on  board,  and  under  the  hands  of  the  surgeon  and  others  made 
comfortable  for  the  night.  Some  time  after  the  return  of  the  dingey  the 
small  fiatboat  was  discovered  astern  attempting  to  reach  the  ship,  but 
Was  unable  to  stem  the  tide.  Assistance  was  sent,  and  it  was  found 
that  John  Kiely,  captain  of  the  hold,  had  rescued  two  more  men,  mak- 
ing nine  in  aU.  It  seems  that  after  the  departiue  of  the  dingey,  Kiely 
discovered  by  the  cries  of  the  drowning  men  that  the  party  was  bccom- 
uig  separated,  and,  lowering  the  small  flatboat,  went  to  the  rescue, 
^th  the  result  mentioned  above. 

San  FrandsoQ  to  Panama. — ^We  finished  coaling  on  the  morning  of 
the30th^  having  received  199  tonsj  stores  were  received  in  the  mean- 
time, and  vacancies  in  the  crew  filled  by  enlistment.  We  left  San 
^ncisco  at  1:07  p.  m.  the  same  day  for  Panama,  using  one  boiler  and 
consuming  10  tons  of  coal  per  day.  The  vessel  displaced  1,140  tons  on 
ber  departure. 

The  weather  was  hazy  and  squally  at  times,  with  southwest  and 
southeast  winds  after  leaving  port.  Passed  through  Santa  Cruz  Chan- 
irf  at  3  a.  m.  February  1 ;  made  Santa  Catalina  Island  at  daylight  on 
the  morning  of  the  2d»  about  90  miles  distant;  and  a  little  before  sunset 
tte  same  evening  Guadeloupe  was  seen  between  60  and  70  miles. 
Passed  Cerros  Island  next  dj^y,  it  being  distinctly  visible  at  a  distance 
rf60  miles.  Very  little  suirfq,c^  Uf^  w»3  seen;  a  few  ^lls  were  about 
H.  Mis,  11§^^=^17 
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the  ship  while  near  the  coast;  flying  fish  were  first  observed  on  the5tta 
in  latitude  22^  00'  N. ;  and  two  species  of  booby  were  noticed.  Man-of- 
war  hawks,  petrels,  and  turtles  were  first  seen  on  the  6th  in  latitude 
20O  00'  N.,  and  a  school  of  young  porpoises  passed  the  vessel  on  the  7th. 

Eeaching  the  vicinity  of  Acapnlco  on  the  evening  of  the  8th,  it  was 
thick  and  hazy  over  the  land,  and,  not  caring  to  enter  the  port  before 
daylight,  we  hove  to  at  10  p.  m.,  finally  anchoring  in  the  harbor  at  S 
a.  m.  on  the  morning  of  the  9th.  Thirty  tons  of  coal  were  taken  on 
board  during  the  day,  the  usual  visits  were  made  to  the  authorities, 
and  at  4:35  p.  m.  we  proceeded  to  sea,  en  route  to  Panama.  The  nat- 
uralists were  busy  with  the  collecting  seine  while  in  port,  and  brought 
in  no  less  than  twenty  species  of  fishes  besides  other  forms. 

Tropical  heat  was  encountered  before  reaching  Acapulco,  and  carried 
without  intermission  until  we  reached  the  Gulf  of  Oalifornia  on  oui 
return.  Light  variable  winds  and  fine  weather  were  the  rule  from 
Acapulco  to  Panama,  but  we  had  a  short  northeast  gale  off  Tehuantepec, 
a  stiff  norther  in  passing  the  Gulf  of  Dulce,  and  a  brisk  northerly  wind 
from  Cape  Mala  to  Panama,  where  we  arrived  the  morning  of  the  17th. 
Prof.  Alexander  Agassiz,  under  whose  direction  the  scientific  work  o( 
the  cruise  was  to  be  conducted,  reached  Colon  the  same  evening. 

Cape  Mala  to  Gocos  and  Malpelo  islands. — Coal  and  stores  were  taken 
on  board,  and  at  3  p.^m.  February  22  we  left  port  for  the  purpose  of 
exploring  the  waters  from  Cape  Mala  to  Cocos  and  Malpelo  islands, 
etc.  Several  schools  of  anchovies  were  seen  near  the  islands,  in 
Panama  Road,  with  the  usual  number  of  frigate-birds,  pelicans,  gulls, 
porpoises,  etc.,  feeding  upon  them.  The  surface  net  was  put  over  for  a 
few  minutes  at  8  p.  m.,  but  there  was  very*  little  life  found.  Work 
commenced  the  following  morning,  and  was  continued  through  the  day 
between  Morro  Puercos  and  Marieto  Point,  in  depths  ranging  from 
182  fiithoms,  gravel  and  shells,  to  695  fathoms,  green  mud.  Vegetable 
matter  and  occasionally  quite  large  sticks  were  found  at  every  station. 
The  beam-trawl  and  surface  tow-net  were  used,  and  while  the  results 
from  the  latter  were  meager,  the  former  developed  a  rich  and  varied 
fauna.  Serial  temperatures  and  specific  gravities  were  carefully  taken, 
but  the  action  of  the  thermometers  was  not  wholly  satisfactory. 

Rich  working  ground  was  found  to  the  southward  of  Coiba  Island  on 
the  24th,  the  soundings  developing  an  unexpected  elevation  of  the  sea 
bottom.  A  depth  of  869  fathoms  was  found  20  miles  south  of  Jicarita 
Island,  791  fathoms  at  35  miles,  and  at  50  miles  there  wa-s  but  465 
fathoms,  with  rocky  bottom — 1,672  i^thoms  being  found  14  mOes  to  the 
southward  and  westward.  Rocky  patches  were  frequently  encountered, 
especially  on  the  submarine  elevation,  which  played  havoc  with  the 
trawl  net^,  but  rich  hauls  were  made  in  spite  of  unfavorable  conditions, 
and  the  naturalists  were  gresitly  elated  over  the  capture  of  rare  and 
valuable  specimens,  some  of  them  entirely  new  to  science.  A  course 
was  steered  in  the  direction  of  Gocos  Island  during  the  night,  and  at 
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7:30  a.  m.  on  the  25th  a  sounding  wa«  made  in  1,471  fathoms^  green  ooze. 
Serial  temperatures  and  si)ecific  gravities  were  taken,  and  a  success- 
ful haul  of  the  trawl  followed,  the  surface  net  being  towed  during  the 
interval  of  dredging. 

Submarine  tow  net — Experiments  with  a  new  design  of  submarine 
tow  net  were  made  later  iu  the  day,  with  unsatisfactory  results.    In 
fact,  it  was  a  failure,  owing,  doubtless,  to  the  large  size  of  the  net  and 
it«  small  mesh,  which  caused  undue  tension  on  the  bridles  while  towing. 
The  frame  is  composed  of  rods  and  tubing  of  brass.    There  is  a  fine 
screw-thread  on  the  upper  half  of  the  central  shaft,  which  works  in  a 
nut  in  the  upper  middle  part  of  the  friime.    The  lower  end  of  the  shaft 
is  plain  and  passes  through  two  studs  in  the  frame,  which  serve  as 
stops  for  the  bridles.    A  propeller  on  the  middle  of  the  shaft  holds  it 
down  while  the  apparatus  is  being  lowered  and  slowly  raises  it  while 
the  net  is  towed  through  the  water.    The  jaws  are  of  two  sizes,  3  feet 
and  2^  feet  in  diameter,  with  hinges  which  permit  them  to  open  and 
shut.    The  net  is  7  feet  in  length,  half-inch  mesh,  lined  with  mosquito 
net  for  5  feet,  and  inside  of  this  lining  is  another  of  silk  gauze,  extending 
3  feet  from  the  lower  end  of  the  net.    A  weight  is  attached  to  the  lower 
end  of  the  net  to  prevent  its  floating  up  and  fouling  the  jaws  or  bridles. 
To  use  the  apparatus,  close  the  mouth  of  the  net,  attach  both  bridles 
by  their  terminal  rings  to  the  central  shaft  and  lower  to  the  desired 
depth,  then  steam  slowly  through  the  water,  when  the  propeller  will 
be  brought  into  action,  the  central  shaft  slowly  raised,  and  the  first 
pair  of  bridles  released,  opening  the  jaws.    After  towing  about  half  a 
mile  the  shaft  will  have  reached  its  upper  Umit,  when  the  remaining 
bridle  will  be  released  and  the  net  again  closed,  ready  to  be  hoisted  to 
the  surface.    This  apparatus  could  be  made  to  act  by  reducing  the 
size  of  the  net  and  removing  one  of  the  linings,  but  the  chances  of  acci- 
dent or  irregularity  in  the  working  of  the  propeller  were  so  great  that 
there  would  always  be  a  doubt  as  to  its  having  properly  performed 
its  functions.    Prof.  Agassiz  was  greatly  disappointed  at  its  failure, 
for  he  considered  the  examination  of  intermediate  depths  among  the 
most  important  problems  to  be  worked  out  during  the  cruise.    I  had 
thought  little  of  the  matter,  as  my  confidence  in  the  apparatus  just 
described  was  explicit,  but  I  now  set  to  work  to  devise  something  that 
would  do  the  work. 

The  Tanner  tow  net  is  designed  for  the  collection  of  pelagic  forms  at 
intermediate  depths,  and  was  used  successfully  during  the  cruise.  The 
^«t  is  the  same  as  that  previously  described,  except  that  the  mosquito- 
net  lining  is  reduced  to  about  half  the  length  of  the  bag.  The  upper 
^ndle  has  four  legs  attached  at  equal  distances  around  the  ring  and 
***ackled  to  a  sinker  on  the  end  of  the  steel-wire  dredge  rope,  which 
^rves  as  a  tow-line.  The  lower  bridle  has  two  legs,  10  feet  in  length, 
attached  to  opposite  sides  of  the  ring,  and  a  60-pound  sounding  shot  is 
^Sgled  on  the  bight  at  the  lower  extremity  to  act  as  a  siukei.    T\v^ 
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lower  end  of  the  net  being  properly  secured,  the  ends  of  the  lashing 
are  carried  down  to  the  sinker  and  made  fast  in  order  to  keep  the  net 
in  place  while  going  down. 

Four  small  brass  rings  are  secured  to  the  bag  at  equal  distances,  a 
few  inches  below  the  upper  edge  of  the  silk-gauze  lining,  and  through 
them  is  rove  a  sofb  white  tie  line,  which  makes  a  complete  round  turn, 
the  ends  being  passed  through  the  same  ring,  then  rove  through  small 
metal  blocks  on  the  lower  bridle,  and  Anally  secured  to  leads  weighing 
14  pounds  each.  Two  tripping  lines,  with  eyes  in  their  upper  extremi- 
ties, are  hooked  over  a  friction  clamp  on  the  tow  rope,  then  rove  through 
small  eyes  on  the  rim  of  the  net,  and  through  brass  rings  on  the  lower 
bridle,  above  the  metal  blocks  before  mentioned;  the  ends  being  hitched 
to  the  leads,  support  their  weight,  allowing  the  tie,  or  draw  string,  to 
hang  loosely  and  the  net  to  retain  its  natural  form  while  sinking  and 
being  towed. 

To  use  the  apparatus,  prepare  it  as  in  figure  1,  plate  1,  lower  it 
vertically  to  the  proper  point,  and  tow  it  slowly  through  the  water, 
veering  and  heaving  in  on  the  tow  line  in  order  to  maintain  the  desired 
depth,  which  can  be  determined  within  a  few  &bthoms  by  the  dredging 
quadrant,  an  instrument  in  constant  use  on  board  of  the  Albatros9.  To 
recover  it,  stop  and  .back  until  the  tow  rope  is  vertical,  heaving  in 
sufficient  line  during  the  operation  to  keep  the  net  at  the  proper  depth; 
then  send  the  messenger  (fig.  2,  m)  down  to  act  on  the  friction  clamp 
(fig.  4),  release  the  tripping  lines  (i),  and  close  the  lower  part  of  the  net 
as  shown  in  fig.  6.  The  net  may  be  run  up  to  the  surface  at  any  desired 
speed,  the  upper  portion  taking  in  anything  it  encounters  en  route, 
while  the  lower  part  remains  closed  against  even  the  most  minute 
forms.  The  messenger  is  in  two  parts,  which,  having  been  placed  around 
the  tow  line,  are  seized  together  with  marline(«).  It  sinks  at  the  rate  oT 
about  650  feet  per  minute,  and  the  impact  can  usually  be  distinctly  felt 
by  taking  hold  of  the  tow  line. 

To  Cocos  Island. — ^The  course  was  continued  towards  Gocos  Island 
during  the  night,  and  two  hauls  of  the  trawl  made  on  the  26th  in  1,175 
and  978  fathoms.  Bocky  bottom  was  encountered  in  the  first  haul, 
which  wrecked  the  net,  but  many  valuable  specimens  were  found  in  the 
remnants.  Serial  temperatures  were  taken  at  one  station,  but  the 
results  were  not  entirely  satisfactory;  it  becomes  more  evident  from  day 
to  day  that  our  practice  of  using  the  dredge  rope  for  a  temperature  line 
in  the  tropics,  with  the  Negretti  and  Zambra  thermometers,  must  be 
changed.  The  high  temperature  near  the  surface  fills  the  bulbs  so  full 
that  even  the  moderate  jarring  caused  by  the  surging  of  the  rope  on 
the  drum  of  the  hoisting  engine  is  liable  to  shake  the  mercury  down 
into  the  catch  reservoir,  which,  becoming  filled,  overflow^  into  the  tube, 
making  it  necessary  to  repeat  many  of  the  observations.  The  weather 
was  overca49t,  with  passing  rain  squalls  during  the  day,  and,  toward 
evening,  frequent  fl^^sbw  of  distant  lightning  were  observed,  partica- 
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larly  in  the  direction  of  land.  There  were  occasional  showern  on  the 
26th,  with  lightning  during  the  night. 

Three  hauls  of  the  beam-trawl  were  made  on  the  27th,  in  902  and 
1,067  fathoms,  mud  and  sand,  without  a  tra<;eof  foraminifera,  while  an 
intermediate  station  was  in  1,010  fathoms,  globigerina  ooze.  Serial 
temperatures  were  taken  at  both  stations,  and  the  surface  tow  net  was 
med.  At  the  first  station  the  net  came  up  badly  torn  and  the  trawl- 
frame  was  bent,  showing  that  it  had  been  in  contact  with  some  obstruc- 
tion on  the  bottom,  either  rocks  or  water-logged  drifbwood,  which 
is  frequently  encountered  in  the  Gulf  of  Panama  and  proves  very 
deBtmctive  to  dredging  gear. 

The  depth  of  902  fathoms  at  the  first  station  on 'the  morning  of  the 
27th,  50  miles  to  the  eastward  of  Cocos  Island,  indicated  that  we  were 
near  the  summit  of  another  submarine  ridge,  the  water  having  shoaled 
770  fathoms  since  the  evening  of  the  24th,  deepening  again  to  1,007 
fathoms  12  miles  from  the  island.  It  was  on  this  area  only  that  forami- 
nifera  were  found  in  appreciable  quantities  in  the  bottom  specHneus 
taken  between  Panama  and  the  island.  Four  hauls  of  the  trawl  and 
tangloB  were  made  on  the  28th  in  ^om  52  to  134  fathoms,  east  and  north 
of  Oocos,  over  rough,  rocky  bottom,  which  afforded  a  variety  of  shoal- 
water  life;  yet  it  would  be  considered  meager  in  comparison  with  the 
same  depths  in  the  Caribbean  Sea. 

A  party  of  collectors  was  landed  in  the  morning,  the  vessel  continu- 
ing work  until  10:37  a.  m.,  when  she  anchored  in  Chatham  Bay,  near 
the  northeast  extremity  of  Cocos  Island.  A  seining  party,  volunteer 
collectors,  photographers,  etc.,  were  sent  on  shore,  and  the  whole  crew 
given  an  opportunity  for  a  run  on  the  beach  and  a  dip  in  the  surf  during 
tte  day. 

The  name  of  the  discoverier  and  the  date  of  the  discovery  of  Cocos 
island  are  unknown.  It  was  visited  by  Lionel  Wafer  andDampier; 
t^o  Spanish  vessels  called  in  1791,  and  Capt.  Colnett  visited  it  in  1793; 
Vancouver  described  it  in  1795,  and  in  1838  Sir  Edward  Belcher  sur- 
veyed a  portion  of  the  island,  and  located  a  point  in  Chatham  Bay, 
astronomically.  Many  names  and  dates  are  roughly  carved  on  bowlders 
»Jear  the  beach,  noticeably  such  dates  as  1798,  1809, 1819,  etc. 

The  island  is  about  4J  miles  long,  north  and  south,  including  out- 
lying rocks  and  islets;  3  miles  in  width,  1,700  feet  in  height,  and  is  of 
Volcanic  origin.  Its  contour  is  rugged  and  mountainous;  the  valleys 
very  narrow  and  limited  in  extent.  Copious  rains  water  its  surface, 
and  numerous  mountain  streams  roll  down  the  wooded  heights,  through 
steep  and  tortuous  gorges,  and  over  rocky  cliffs,  small  sand  beaches 
nsnally  marking  their  outlet  to  the  sea.  A  tiense  tropical  jungle, 
stron^y  reseipbling  the  forests  of  Central  America,  covers  the  entire 
surface  of  the  island,  enveloping  it  in  an  unbroken  mantle  of  rich  and 
varied  shades  of  green.  Cocoanut  trees  were  found  in  such  abundance 
by  the  discoverers  that  they  gave  their  name  to  the  island,  awd  IVxe^  ^ 
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are  still  conspicnous  in  the  higher  inaccessible  localities,  while  on  the 
lowlands  near  the  shores  they  have  been  cut  down  by  thoughtless 
visitors  in  order  to  procure  their  fruit  without  the  labor  of  climbing. 
We  found  one  vigorous  young  cocoanut  tree,  on  the  beach  in  Chatham 
Bay  at  the  time  of  our  visit  in  the  spring  of  1891,  the  sole  representa- 
tive of  the  hundreds  which  formerly  stood  in  the  immediate  vicinity, 
affording  grateful  refreshment  to  the  exhausted  or  thirsty  visitor.  Tree- 
ferns  were  conspicuous;  and  every  stump,  rock,  or  trunk  of  tree  was 
festooned  with  morning-glories.  Pumpkin-vines,  daisies,  poke-berries, 
etc.,  gave  a  familiar  air  to  the  surroundings. 

Tradition  credits  the  buccaneers  with  having  buried  vast  amounts  oi 
treasure  on  the  island,  which,  for  some  reason,  they  were  unable  to 
recover,  and  that  fortune  awaits  the  lucky  finder  of  this  hidden  wealth, 
The  truth  of  this  tradition  has  been  so  thoroughly  impressed  upon  the 
minds  of  men  that  iexpeditions  have  been  dispatched  from  time  to  time, 
at  considerable  expense,  to  search  for  the  treasure.  A  few  huts  in 
various  stages  of  dilapidation  remain  as  evidence  of  the  periodical  visits 
of  these  parties,  and  the  pigs,  which  run  wild  on  the  island,  may  have 
descended  from  those  carried  there  for  food  by  the  gold-hunters.  A 
solitary  donkey,  which  we  found  passing  a  lonely  existence  on  the  shores 
of  Chatham  Bay,  may  owe  his  presence  there  to  the  same  source. 

Chatham  Bay  affords  fairly  good  anchorage  in  fine  weather,  which  is 
the  rule,  and  is  a  convenient  place  to  procure  wood  and  water.  Wafer 
Bay  has  the  largest  area  of  level  land  seen  on  the  island,  and  several 
acres  showed  unmistakable  evidence  of  having  been  cultivated.  The 
anchorage,  however,  is  open  and  exposed  to  heavy  swells.  We  made 
a  reconnaissance  of  the  eastern  shores  of  the  island,  which  had  not  been 
charted,  and  sent  a  tracing  to  the  U.  S.  Hydrographic  Office. 

To  Malpelo  Island  and  return  to  Panama. — ^Leaving  Cocos  Island  on 
the  morning  of  March  1,  a  line  of  dredging  stations  was  run  S.  54^  £. 
true,  about  300  miles,  passing  en  route  over  the  position  of  Bivade- 
neyra  Shoal,  the  line  of  soundings  crossing  our  line  of  1888  without 
indicating  shoal  water  or  a  decrease  in  the  normal  depth  of  the  region. 
Turning  to  the  northward  and  eastward  from  the  extremity  of  the 
above  line,  observations  were  extended  to  Malpelo,  the  sea-bed  being 
found  remarkably  level,  shoaling  regularly  as  the  island  was  approached. 
We  reached  it  on  the  morning  of  the  5th  of  March,  made  several  hauls 
of  the  trawl  in  shoal  water,  and  a  little  before  noon  lay  to  and  sent  a 
collecting  party  to  the  island,  which  succeeded  in  capturing  a  number 
of  birds,  lizards,  etc.,  but  could  not  land.  Fish  lines  were  used  in  50 
fathoms,  but  the  waters  were  alive  with  sharks,  which  destroyed  the 
gear  as  fast  as  it  was  put  over.    One  large  grouper  represented  the  catch. 

From  observations  taken  on  the  deck  of  this  vessel  the  highest  peak 
of  Malpelo  is  in  3o  59'  07"  N.  and  81o  34'  27"  W.  It  is  a  double- 
peaked  volcanic  rock  with  vertical  sides,  846  feet  in  height,  a  mile  in 
length  and  about  a  fourth  of  a  mile  wide,  surrounded  by  detached  rocks, 
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which  increase  its  length  to  a  mile  and  a  half.  The  rocks  are  all  high 
and  bold,  except  one  or  two,  which  are  bnt  a  few  feet  above  water. 
The  island  is  covered  with  gaano,  the  deposit  of  myriads  of  sea  birds 
which  cover  its  heights,  where  they  find  congenial  quarters  and  safe 
breeding-grounds.  It  is  entirely  devoid  of  vegetation,  except  a  few 
low  leafless  bushes.  The  only  sign  of  vegetable  life  is  a  small  patch  of 
gnas  a  few  feet  in  extent  on  one  of  the  outlying  rocks. 

A  cave  was  discovered  on  the  northwestern  side  of  the  island,  into 
vhich  one  of  the  ship's  boats  proceeded  between  100  and  200  yards. 
The  arched  roof  was  15  feet  or  more  in  height  at  the  entrance,  increasing 
as  the  cave  was  penetrated,  the  surface  of  the  walls  being  quite  smooth. 
Tike  water  swarmed  with  fish. 

Prom  Malpelo  the  line  was  continued  about  K  36<^  E.  true,  in  the 
dircetion  of  the  Gulf  of  Panama,  where  three  normals  were  run  Q^om 
deep  water  to  the  100-fathom  line,  extending  over  two  degrees  of  longi- 
tude. The  surface  net  was  in  constant  use,  and  the  Tanner  net  was 
operated  on  several  occasions.  Serial  temperatures  were  taken  fre- 
QO^ntly,  the  sounding  wire  being  successfully  used  as  a  temperature 
lii^«.  Several  instruments  were  lost  the  first  day  by  the  parting  of  the 
^ire,  but  no  losses  occurred  afterward,  and  the  trouble  arising  from 
the  mercury  shaking  down  was  entirely  eliminated. 

Heaehing  Panama  for  the  second  time  on  the  morning  of  the  12th, 

^e  ship  was  painted  outside  while  repairs  were  being  made  in  the 

^ligineer's  department.    The  bunkers  were  filled  with  coal  between 

^^Q  16th  and  19th,  and  we  sailed  at  1 :10  p.  m.  on  the  20th  of  March, 

^teaming  across  the  gulf. 

Panama  to  the  Qalapagos  Islands. — Eeaching  the  vicinity  of  Galera 
^oint  on  the  moriung  of  the  23d,  a  series  of  soundings  was  made,  feel- 
ing our  way  to  deep  water,  as  it  was  desirable  to  cast  the  trawl  and 
make  other  investigations  on  the  slope  from  1,000  to  1,500  fathoms  in 
depth.  Strong  northeasterly  currents  were  found  in  the  vicinity,  show- 
ing a  maximum  of  51  miles  in  24  hours,  and  continuing  with  varying 
force  nearly  to  the  Galapagos.  We  were  crossing  the  great  Humboldt 
Current,  which  sweeps  along  the  coast  of  South  America  into  the 
Gulf  of  Panama.  During  nine  months  of  the  year,  while  the  trades  are 
blowing  steadily,  the  stream  is  divided,  a  portion  entering  the  Gulf  and 
a  broader  belt  taking  a  northwesterly  direction.  This  division  is  not 
usually  apparent  from  January  to  May,  while  the  trades  are  interrupted, 
and  the  western  part  then  takes  a  northerly  direction,  with  its  velocity 
greatly  diminished. 

The  following  series  of  observations  extended  from  the  South  Ameri- 
can coast  to  the  Galapagos,  crossing  one  of  the  great  currents  of  the 
Pacific  Ocean  at  the  point  where  its  cooling  waters  pour  into  the  Gulf 
of  Panama  and  where  the  faunas  of  the  Southern  and  Central  Pacific 
meet.  Great  care  was  observed  in  all  the  work  on  this  line  and  the 
observations  were  varied  and  complete.    The  depths  and  serial  tem- 
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peratares  were  frequently  obtained,  the  beam  trawl  and  surface  nets 
used  at  all  the  stations,  and  the  Tanner  net  was  frequently  operated  at 
intermediate  depths,  after  getting  well  clear  of  the  land,  to  ascertain 
the  distribution  of  pelagic  fauna. 

The  surface  life  was  greater  than  we  had  found  in  the  Gulf  of  Pan- 
ama, and  the  results  of  the  deep-sea  hauls  of  the  trawl  were  fiiirly  good, 
but  the  southern  approach  to  the  Oalapagos,  where  we  anticipated  a 
rich  field,  proved  to  be  practically  barren  and  did  not  compare  favorably 
even  with  the  northeast  approach.  The  greatest  depth,  1,832  fathoms, 
was  found  about  160  miles  from  the  South  American  coast;  thence  to 
the  vicinity  of  the  islands  it  gradually  decreased.* 

Oalapagos  Islands. — ^The  highlands  of  Chatham  Island  were  sighted 
at  daylight,  March  28,  and  after  spending  most  of  the  day  in  running 
a  line  of  dredging  along  its  southern  approach,  we  stoml  into  Wreck 
Bay  and  anchored  at  5 :30  p.  m.  Sefior  Manuel  A.  Oobos  came  on 
board  soon  after  our  arrival  to. extend  the  hospitalities  of  the  Hacienda 
del  Progreso,  and  Mr.  Townsend  retunied  with  him  that  evening  on  a 
collecting  trip.  Prof.  Agassiz,  several  officers,  and  myself  went  to  the 
plantation  next  day,  and  were  met  and  entertained  by  the  proprietor, 
Senor  Manuel  J.  Oobos.  The  rains  had  been  unusually  heavy  during 
the  season,  and  the  fine  carriage  road  from  the  port  to  the  hacienda, 
which  we  admired  so  much  three  years  ago,  was  a  complete  wreck. 

At  the  time  of  our  former  visit  cattle  were  the  principal  source  of 
revenue,  but  that  is  changed  now.  A  plant  of  modern  sugar  machin- 
ery has  been  installed,  and  the  growing  of  cane  and  the  manufacture 
of  sugar  is  prosecuted  with  the  greatest  energy.  The  natural  ad- 
vantages of  soil  and  climate,  cheapness  of  labor,  and  the  privileges  of 
the  McKinley  bill  insure  large  returns  from  this  industry.  The  young 
coffee  plantation,  mentioned  in  my  report  of  1888,  bids  fair  to  realize 
the  anticipations  of  the  proprietor.  I  tested  some  of  the  product  and 
found  it  excellent. 

The  settlement  on  Chatham  Island  was  formerly  a  penal  colony,  the 
convicts  performing  all  the  labor  on  the  plantation.  This  was  the  case 
at  the  time  of  our  visit  in  1888,  but  is  no  longer  so,  the  criminals  hav- 
ing been  removed  and  free  labor  employed,  greatly  to  the  advantage 
of  the  estate.  Supplies  were  procured  from  the  hacienda  and  a  fine 
young  bullock  was  presented  to  the  ship  by  Senor  C5bos.  The  natu- 
ralists increased  their  list  of  sx)ecimens  somewhat,  besides  procuring 
many  duplicates.  The  weather  was  hot  and  rainy  at  Chatham  Island, 
and  during  showers,  when  skylights,  ports,  etc.,  were  closed,  the  interior 
of  the  vessel  was  as  hot  as  an  oven. 

Leaving  Wreck  Bay  at  10:25  a.  m.,  March  31,  we  steamed  to  Charles 
Island  direct,  anchoring  in  Blackbeach  Boad  at  8  p.  m.  The  crew 
were  given  liberty  the  next  day,  when  many  of  them  went  to  the  old 
plantation,  where  fruit  was  found  in  abundance,  several  bushels  of 
oranges,  limes,  alligator  pears,  etc.,  being  brought  on  board.    The  nat- 
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nialists  were  out  as  nsnal  during  the  day,  and  a  number  of  officers 
went  on  a  hunting  expedition  to  Post-Office  Bay,  returning  with  eighteen 
flamingos. 

Leaying  Charles  Island  at  1 :05  a.  m.,  April  2,  we  ran  over  to  Duncan 
Island  and  sent  parties  into  the  mountains  for  tortoises.  Tliey  were 
away  nearly  all  day,  and  returned  with  a  single  specimen  only, 
altiioagh  they  searched  carefdlly  over  the  ground  where  three  years 
ago  they  were  quite  numerous.  A  few  years  more  and  they  will  prob- 
ably become  extinct.  An  anchorage  was  found  for  the  night  in  Con- 
way Bay,  Indefatigable  Island,  where  we  arrived  at  5  p.  m.,  giving  the 
collectors  an  hour  or  two  ashore  before  dark.  Getting  under  way  again 
at  3:15  a.  m.,  April  3,  we  steamed  to  the  northward  between  James  and 
Indefatigable  islands,  commencing  work  in  551  fathoms,  about  7  miles 
N.  by  W.  from  the  Seymour  Islands,  in  prolongation  of  our  line  of  1888, 
extending  it  to  Bindloe,  Abingdon,  and  Wenman  islands.  Here  we 
were  met  by  another  surprise;  excellent  results  having  been  obtained 
^m  contiguous  stations  occupied  three  years  previously,  we  naturally 
expected  to  find  the  same  rich  fauna  in  similar  depths  a  few  miles  to  the 
westward.  We  did  not,  however;  on  the  contrary,  the  bottom  was 
fool  and  contained  comparatively  little  life,  while  the  surface  was 
abnost  barren.  Eight  stations  were  occupied  between  Indefatigable 
and  Wenman  islands  in  from  327  to  1,270  fathoms. 

Oalapagog  Islands  to  Acapulco  and  Ouaymas. — ^From  the  latter  island 
ft  line  was  run  to  Acapulco,  nineteen  stations  being  occupied  in  depths 
^ging  from  2,232  to  94  fathoms.  The  same  general  plan  of  investi- 
gation was  continued  and  the  results  were  satisfactory  in  tlie  ocean 
basin,  but  upon  approaching  the  Mexican  coast  the  bottom  became 
very  barren.  This  condition  may  be  attributed  largely  to  the  great 
anwont  of  decayed  and  decaying  vegetable  matter  covering  the  sea 
M.  Every  haul  of  the  trawl  brought  up  quantities  in  every  stage  of 
<i6compo8ition,  and  occasionally  the  net  was  loaded  with  vegetable  muck, 
which  emitted  a  highly  offensive  odor.  This  deposit  was  not  evenly 
^atributed  over  the  bottom,  but  it  prevailed  to  a  sufficient  extent  to 
^ve  animal  life  from  the  ground.  The  same  effect  was  noticed  between 
the  Pearl  Islands  and  the  mainland  in  the  Gulf  of  Panama  in  1888, 
wheie  the  deposit  was  even  greater  and  the  odor  so  vile  that  the  chief 
^Witoralist  requested  that  no  more  of  it  be  brought  up.  The  Tanner  net 
^as  used  at  sevei*al  stations  with  satisfactory  results. 

Sorface  life  between  the  Galapagos  and  the  Mexican  coast  may  be 
aonuaarized  as  follows:  An  occasional  whale,  porpoises,  dolphins,  and 
^yiog  fish  frequently  seen,  and  green  turtles  insight  almost  constantly 
^<>ating  on  the  surface.  Birds  were  not  numerous,  though  petrels  were 
^Q  daily;  tropic  birds  and  boobies  were  noticed  occasionally,  besides 
Nla  and  other  species  which  appeared  as  we  approached  the  coast. 

We  anchored  in  the  harbor  of  Acapulco  at  3 :30  p.  m.,  April  12,  alter 
^  aaocessful  cruise  of  nine  days  between  the  Galapagos  and  that  ^yo^ 
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Haviug  filled  up  with  coal  and  taken  on  board  supplies,  we  sailed 
April  15,  for  a  cruise  along  the  Mexican  i^ast  and  6u]f  of  Califomia 
The  surface  tow  net  and  the  Tanner  net  were  used  frequently,  and  f 
line  of  dredging  stations  was  commenced  to  the  southward  of  the  Trei 
Marias,  in  2,022  fathonin,  where  serial  temperatures  were  taken.  Thi 
trawl  was  lowered  a  few  hours  later,  in  676  fathoms,  and  the  line  eon 
tinned  to  80  fathoms  near  tbe  land.  Passing  the  islands  the  depthi 
increased,  the  sounding  cups  showing  green  mud  or  black  sand,  bui 
there  was  sufiQcient  clay  in  it  to  prevent  its  washing  freely  through  thi 
meshes  of  the  trawl  net,  thus  resulting  in  the  loss  of  gear  from  over 
loading.  Frequent  patches  of  shale  rock  were  also  encountered,  whicl 
made  the  use  of  the  trawl  still  more  difficult  The  currents  of  the  gal 
seem  to  extend  to  the  bottom,  even  in  depths  exceeding  1,000  fathoms 
scouring  out  the  mud  and  ooze,  and  occasionally  exposing  the  nativi 
rock.  Sticks,  leaves,  and.other  kinds  of  vegetable  matter  were  markec 
features  of  the  hauls  on  the  eastern  side  of  the  gulf  as  well  a«  in  thi 
Pacific,  but  were  not  brought  up  in  as  great  quantities.  The  botton 
fauna  from  the  Tres  Marias  to  Guaymas  was  unexpectedly  meager 
indeed,  it  was  a  great  disappointment  to  us,  for  we  had  consoled  our 
selves  for  the  barren  ground  off  Acapulco  in  anticipation  of  rich  fieldi 
in  the  gulf. 

Tbe  work  of  the  cruise  ended  with  our  arrival  at  Guaymas  on  th4 
afternoon  of  April  23,  where  Prof.  Agassiz  left  us  to  return  to  th4 
Atlantic  coast  by  rail.  The  explorations  during  the  cruise  were  con 
ducted  under  his  general  direction,  and  his  great  knowledge  and  expe 
rience  were  apparent  in  all  our  operations.  He  was  always  ready  in  i 
most  genial  aud  kindly  way  to  impart  information,  which  was  given  si 
plainly  that  it  was  always  comprehended,  even  by  laymen.  We  tool 
leave  of  him  with  much  regret,  and  it  is  our  fond  hox>e  that  some  tim< 
in  the  near  future  we  may  again  have  his  active  cooperation  in  deep 
sea  investigation. 

Scientific  results  of  the  cruise, — ^The  scientific  report  of  the  exi)editioi] 
will  be  made  by  Prof.  Agassiz,  yet  it  may  not  be  out  of  place  to  8tat< 
in  a  general  way  some  of  the  results  obtained.  The  fauna  of  the  region 
examined  was  not  as  rich  as  in  tbe  Atlantic,  Gulf  of  Mexico,  and  Carib 
bean  Sea.  Decayed  vegetable  matter  was  found  to  a  greater  or  les£ 
extent  on  most  of  the  bottom  examined.  Foraminifera  was,  as  a  rule, 
very  sparsely  represented  in  the  bottom  soil,  and  was  found  in  consid 
erable  quantities  at  bat  few  stations.  Many  forms  were  identical  witli 
those  of  the  Caribbean  Sea,  and  others  were  closely  allied  to  them: 
The  repeated  use  of  the  Tanner  net,  remote  from  land,  showed 
that  the  surface  life  extended  down  about  300  fathoms,  the  bottom 
life  reaching  up  between  100  and  200  fathoms,  and  the  intermediate 
space  being  practically  barren.  On  one  occasion  in  the  Gulf  of  Cali- 
fornia, in  the  vicinity  of  land,  life  was  found  from  surface  to  bottom. 
The  ocean  temperatures  of  the  region  were  very  low,  considering  that 
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it  lies  within  the  tropics.  The  Humboldt  current,  the  one  great  and 
constant  movement  of  the  wateirs  from  the  southern  polar  regions  into 
the  Gulf  of  Panama,  is  a  cold  one,  and  its  volume  is  so  great  in  com- 
parison with  the  warmer  equatorial  counter-current  that  the  latter  is 
soon  absorbed  and  the  whole  mass  reduced  to  a  lower  temperature  than 
in  any  other  oceanic  area  in  the  same  latitudes.  There  are  no  coral 
reefs  in  the  Gulf  of  Panama  or  about  Malpelo,  Oocos,  and  the  Galrv 
Ijagos  Islands;  indeed,  it  is  not  until  we  reach  Clipperton  Island,  in 
10^  north  latitude  and  lOO^  west  longitude,  that  the  reef-builders  ftnd 
congenial  temperatures  for  the  prosecution  of  their  work.  These  low 
temperatures  doubtless  exert  a  marked  influence  on  the  submarine 
fanna  of  the  region. 

We  left  Guaymas  April  24,  and  arrived  at  San  Diego  May  1  without 
incident  worthy  of  notice.  Taking  on  board  a  supply  of  coal,  we  sailed 
the  next  evening  for  the  navy-yard.  Mare  Island,  arriving  on  the  morn- 
ing of  the  5th. 

The  winds,  weather,  and  currents  encountered  during  the  cruise  may 
be  summarized  as  follows : 

Winds  southwest  to  southeast  from  San  Francisco  to  Santa  Barbara 

Islands;  light  and  variable  with  frequent  calms  to  Acapulco.    Light 

variable  winds  from  the  latter  port  to  Panama,  with  the  exception  of  a 

^ort  sharp  northeast  gale  oft'  Tehuantepec;  a  stiff  norther  in  passing 

the  Gnlf  of  Dulce,  and  a  brisk  northerly  wind  from  Cape  Mala  to  Panama. 

I^ight  variable  winds  and  frequent  calms  were  experienced  in  the  Gulf 

of  Panama,  and  thence  to  Cocos  Island,  Malx>ego,  and  the  Galapagos. 

I^he  southeast  trades  were  entirely  interrupted,  the  prevailing  winds 

being  from  southwest.    There  was  very  little  wind  among  the  islands 

^  the  archipelago  or  to  the  northward  until  we  encountered  the  north- 

^t  trades  in  about  5°  00'  N.    They  were  very  strong  for  twenty- four 

hoore,  then  moderate,  dying  out  entirely  in  ll^  00'  N;  thence  to  Aca- 

pulco,  southwest  airs  prevailing.    Along  the  Mexican  coast  to  Gape 

^rrientes  we  had  light  to  moderate  northwest  winds,  thence  to  Guay- 

Qias,  gentle  westerly  breezes.    From  the  latter  port  to  Cape  San  Lucas 

^e  same  winds  were  found,  and  thence  to  San  Diego  light  to  moderate 

breezes  from  the  northward  and  westward.    From  San  Diego  to  San 

^Wcisco  light  southerly  airs  prevailed. 

The  sea  was  generally  smooth  during  the  cruise. 

The  weather  was  hazy  and  squaUy  from  San  Francisco  to  the  Santa 

Barbara  Islands;  mild  and  pleasant  with  passing  clouds  thence  to 

Acapulco.    There  was  a  daily  increase  of  temperature,  but  the  full  efiect 

of  tropical  heat  was  not  felt  until  the  vessel  was  lying  at  anchor  in  the 

harbor.    From  Acapulco  to  Panama  it  was  generally  fair,  with  hazy  or 

smoky  atmosphere  enveloping  the  land,  as  usual  in  the  dry  season. 

Three  or  four  days  of  rainy,  squally  weather  were  encountered  oft'  the 

golf  between  6°  00'  and  7o  00'  N.  latitude  the  latter  part  of  February ; 

thence  to  Cocos,  Malpelo,  and  Panama  the  weather  wa&  m^^ii^X^V} 
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pleasant  but  warm,  the  same  conditions  prevailing  until  we  arrived  at 
the  Galapagos  with  one  notable  exception,  March  23,  when  in  1^  00'  N. 
and  80O  00'  W.  we  had  an  overcast  rainy  day.  It  was  the  height  of  the 
rainy  season  in  the  archipelago  and  showers  were  of  frequent  occur- 
rence every  day,  the  sun  coming  out  brightly  between  them.  There 
was  more  or  less  rain  after  leaving  the  islands  to  5^  00'  N.  Thence  to 
Acapulco,  Guaymas,  and  Gape  San  Lucas  it  was  invariably  bright  and 
clear.  The  mornings  were  hazy  or  foggy  off  tlie  coast  of  Lower  Califor- 
nia, generally  clearing  between  10  a.  m.  and  meridian.  From  San  Diego 
to  the  bay  of  San  Francisco  it  was  misty,  but  not  sufficiently  thick  to 
interfere  with  navigation. 

The  currents  from  San  Francisco  to  Acapulco  were  neither  strong  nor 
constant  in  direction ;  the  aggregate  was  70  miles  against  us  during  the 
trip.  They  were  stronger  thence  to  Panama,  amounting  to  about  100 
miles  adverse  set.  From  Panama  to  Gocos  Island,  Malpelo,  and  return, 
the  general  set  was  south  and  southeast  from  6  to  39  miles  per  day. 
From  Panama  toward  Cape  San  Francisco,  on  the  coast  of  Ecuador,  the 
set  was  southwest  to  west  from  7  to  24  miles  per  day. 

The  Humboldt  current  was  encountered  about  2^  00'  K.  and  80©  00' 
W.  from  29  to  51  miles  a  day,  setting  to  the  northward  and  eastward, 
trending  more  to  the  eastward  as  we  left  the  coast,  until  in  87^  00'  W. 
it  was  S.  83^  E.  17  miles  in  twenty-four  hours;  thence  to  the  Galapagos 
but  little  current  was  noticed.  The  general  set  through  the  archipel- 
ago is  to  the  westward,  except  from  January  to  April  or  May,  when 
currents  are  mostly  confined  to  tidal  influence. 

A  light  easterly  drift  was  apparent  from  the  islands  to  6°  00'  N. ;  then 
a  westerly  set,  reaching  a  maximum  of  60  miles  per  day  to  about  9^ 
00'  N. ;  thence  to  Acapulco  very  light.  From  the  latter  port  a  light 
northwesterly  current  was  felt,  increasing  as  we  approached  Cape 
Corrientes,  and  ceasing  entirely  to  the  northward  of  the  Tres  Marias 
Islands,  from  which  point  to  Guaymas  the  drift  was  light  to  the  east- 
ward. From  the  latter  port  to  Cape  San  Lucas  and  San  Diego  the  cur- 
rents were  very  light  and  variable.  Thence  to  San  Francisco,  where 
the  coast  was  followed  closely,  the  influence  of  Davidson's  counter- 
current  from  the  southward  and  eastward  was  felt. 

The  general  health  of  officers  and  crew  was  excellent  considering  the 
rapid  and  extreme  climatic  changes  they  were  subjected  to. 

Mare  Island  Ifavyyard  and  San  Francisco, — Many  of  the  crew  were 
discharged  soon  after  our  arrival  at  Mare  Island,  their  terms  of  service 
having  expired,  leaving  us  with  barely  force  enough  to  care  for  the 
vessel.  Ensign  W.  W.  Gilmer,  U.  S.  N.,  was  detached  on  May  8,  and 
on  the  18th  Passed  Assistant  Engineer  J.  R,  Wilmer,  U.  S.  N.,  was 
sent  to  the  naval  hospital  for  treatment  for  insomnia  and  nervous 
prostration.  On  the  28th  of  the  same  month  telegraphic  <H*der8  w^re 
received  to  commence  repairs  necessary  for  the  contemplated  summer's 
cruise.    It  soon  became  apparent  that  Mr.  Wilmer  woul.  be  unable  to 
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rejoin  the  vessel,  and  Assistant  Engineer  A.  M.  Hunt,  U.  S.  N.,  was 
ordered  to  relieve  liim,  reporting  June  9,  at  which  time  the  former  was 
detacbed. 

JuDC  25  orders  were  received  from  the  Navy  Department  reducing 
the  unmher  of  the  crew  from  67  to  53  men  after  Jane  30. 1891,  and  also 
giving  new  ratings.  The  proposed  crew  would  be  able  simply  to  navi- 
gate  the  vessel,  but  could  not  carry  on  the  work  for  which  she  is  em- 
ployed. Authority  was  subsequently  received  from  the  Commissioner, 
however,  to  employ  the  additional  men  required  to  make  the  vessel 
efficient,  placing  them  on  the  Fish  Commission  rolls.  The  necessary 
changes  were  made  immediately. 

Engines  and  boilers  were  tested  at  a  dock  trial  June  27  and,  much  to 
oar  gratification,  everything  worked  smoothly  and  satisfactorily.  We 
went  to  San  Francisco  on  the  29th  and  docked  at  the  Union  Iron 
Works  the  following  morning  to  scrape  and  paint  the  vessel's  bottom, 
which  had  become  exceedingly  foul  during  her  cruise  in  tropical  waters. 
We  expected  to  dock  at  the  navy-yard,  but  the  dry-dock  was  required 
very  unexpectedly  for  a  French  frigs^te  which  arrived  a  few  days  pre- 
?ioiis]y,  needing  extensive  repairs. 

The  Albatross  was  in  dry-dock  at  the  end  of  the  fiscal  year  when 

this  report  should  properly  close,  yet  it  seems  advisable  to  state  that 

we  were  preparing  for  a  season's  work  in  Bering  Sea,  and  would  have 

sailed  early  in  July  had  the  vessel  not  been  diverted  from  her  work  to 

convey  the  United  States  commissioners  to  the  Seal  Islands.    We  left 

San  Francisco  on  the  evening  of  July  IG,  having  on  board  Dr.  Thomas 

C.  Mendenhall  and  Dr.  C.  Hart  Merriam,  United  States  commissioners, 

en  route  for  the  Pribilof  Islands,  Bering  Sea. 

Summary  of  work  and  condition  of  equipment — The  following  brief 
sonunary  gives  in  a  graphic  form  a  resum^  of  the  work  of  the  Albatross 
for  the  fiscal  year  1890-91 : 

Number  of  dsys  at  sea 135 

DUtanoe  run  by  obserration,  in  knots 15, 314 

Distance  mn  by  log,  In  knots 15, 706 

Nnmberof  deep-sea  soundings 377 

Nnmber  of  dredging  stations 153 

Number  of  fishing  stations 95 

Nmnber  of  spedfic-graTity  stations 330 

Number  of  serial-temperature  stations 35 

Number  of  submarine  tow-net  stations 19 

Mr.  Charles  H.  Townsend,  resident  naturalist,  has  prosecuted  an 
extended  investigation  regarding  the  oyster  industry  of  San  Francisco 
Bay  and  adjacent  waters,  having  performed  the  work  while  the  vessel 
was  in  x>ort.    All  practical  aid  has  been  rendered  him. 

The  deep-sea  sounding  apparatus  has  worked  satisfactorily,  although 
we  have  met  with  some  losses.  Our  heaviest  reel  was  disabled  during 
th^  winter's  cruise^  involving  the  loss  of  several  thousand  fathoms  of 


270       REPORT   OP  COMMISSIONER   OF   FISH  AND   FISHERIES. 

wire.  The  drum  did  not  collapse,  but  the  binding  bolts  gave  way  one^ 
by  one,  allowing  the  flanges  to  spring  outward  and  the  wire  to  find_ 
lodgment  between  them  and  the  edges  of  the  drum.  The  nip  was  so 
great  that  it  ruined  the  wire  even  where  it  was  possible  to  extricate  it, 
but  many  of  the  parts  were  cut  before  they  could  be  cleared^  Fortu- 
nately, we  had  a  heavy  navy  reel  on  board,  which  was  mounted  without 
causing  delay  in  our  work. 

The  dredging  engine  has  continued  to  perform  its  work  admirably. 
The  service  was  particularly  heavy  during  the  winter  in  the  greater 
depths,  and  near  the  end  of  the  season  the  friction  gear  gave  out,  but 
it  did  not  materially  interfere  with  the  working  of  the  engine.  The 
arms  of  the  driving  pinion  and  friction  drum  were  lashed  together,  and 
the  latter  was  operated  directly  by  the  engine  in  veering  as  well  as 
hoisting.    It  was  repaired  at  small  cost. 

The  reeling  engine  still  performs  its  work  well  without  expense  for 
repairs,  further  than  the  usual  examination  and  adjustment.  The 
dredge  rope  was  subjected  to  unusual  wear  and  tear  during  the  south- 
em  cruise  and  parted  several  tin^s,  but  there  were  no  serious  losses. 
The  expenditure  of  trawls  resulting  from  these  breakages  was  of  greater 
importance,  but  never  resulted-  in  the  least  delay,  the  apparatus  in 
reserve  being  equal  at  all  times  to  the  demand. 

The  Negretti  and  Zambra  thermometers  have  worked  well  except 
when  used  in  series  on  the  dredge  rope,  particularly  in  the  tropics. 
After  the  substitution  of  the  sounding  wire  as  a  temperature  rope  the 
instruments  worked  well,  but  several  were  lost  by  parting  the  wire, 
and  t^is  is  liable  to  occur  at  any  time,  the  margin  of  safety  being  very 
small.  The  expenditure  of  wire  would  be  of  little  moment,  but  the  loss 
of  a  dozen  deep-sea  thermometers  is  another  matter  and  might  bring 
that  branch  of  work  to  an  abrupt  termination.  We  have  now  adopted 
the  following  plan :  A  suflicient  amount  of  large  strong  wire  is  wound 
on  a  spare  drum,  and  when  serial  temperatures  are  to  be  taken  it  is 
mounted  on  the  sounding  machine,  arrangements  having  been  made  for 
the  rapid  interchange  of  reels. 

PERSONNEL. 

The  following  is  the  list  of  oflBcers,  June  30, 1891 :  Lieut.  Commander 
Z.  L.  Tanner,  U.  S.  Navy,  commanding;  Lieut.  C.  G.  Calkins,  U.  S, 
Navy,  executive  oflBcer  and  navigator;  Lieut,  (jr.  grade)  J.  H.  Lee  Hol- 
combe,  U.  S.  Navy;  Ensign  E.  A.  Anderson,  U.  S.  Navy;  Passed 
Assistant  Surgeon  Nelson  H.Drake,  U.  S.  Navy;  Passed  Assistant 
Paymaster  0.  S.  Willaras,  U.  S.  Navy;  Assistant  Engineer  A.  M.  Hunt, 
U.  S.  Navy. 

The  civilian  corps  was  as  follows:  Charles  H.  Townsend,  resident 
naturalist;  A.  B.  Alexander,  fishery  expert;  N.  B.  Miller,  assistant  nat- 
uralist; Harry  C.  Fassett,  clerk  to  commanding  officer. 
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RBPORT  OF  A.  B.  ALEXAITOER,  FISHERT  EXPERT. 

[Abstract.] 
WASHINGTON,  OREGON,  AND  CALIFORNIA.    . 

On  Augost  28, 1889,  hydrographic  operations  were  commenced  off  the 
cosst  of  Washington,  and  were  carried  on  thence  southward  along  the 
ooaste  of  Oregon  and  northern  California  as  far  as  Gape  Mendocino. 
The  work  of  soanding,  dredging,  and  fishing  was  assiduonsly  carried 
on  from  the  above  date  until  October  13,  with  the  exception  of  a  short 
visit  made  to  Portland,  Oregon,  and  the  time  required  for  coaling.  Off 
the  coasts  examined  the  fishing-grounds  are  entirely  within  the  100- 
fatbom  curve.    Fishes  are  generally  found  in  greatest  numbers  in 
depths  of  15  to  30  fathoms  and  on  rocky  bottoms,  but  the  numerous 
species  of  rockfish  frequently  congregate  together  on  sandy  patches, 
attracted,  undoubtedly,  by  the  quantity  of  food  which  they  find  there. 
The  greatest  distance  of  the  100-fathom  curve  from  the  coast  of 
Washington,  between  Gape  Flattery  and  the  Golumbia  River,  is  about 
40  miles,  the  least  distance  about  18  miles,  the  average  being  about  25 
miles.    South  of  the  Golumbia  Biver  this  curve  takes  an  irregular 
oourse,  but  near  the  northern  boundary  line  of  Galifornia  it  rapidly 
approaches  the  shore,  deep  water  beinrg  found  only  a  short  distance 
from  the  land.    Heceta  Bank  is  the  largest  and  most  important  fishing- 
ground  south  of  Gape  Flattery. 

The  first  trial  for  bottom  fish  was  made  on  the  afternoon  of  August 
30  in  28  fathoms  off  Yaquina  Head,  Oregon,  the  catch  consisting  of  1 
red  rockfish  and  2  ling  or  whiting.  The  wind  was  blowing  fresh  at  the 
Umej  causing  the  ship  to  drift  rapidly,  and  it  was  difficult  to  keep  the 
hooks  on  the  bottom.  The  following  morning  another  trial  was  made 
some  30  miles  south  of  the  last  locality  in  29  fathoms  of  water,  but  no 
fish  were  taken.  The  bottom  consisted  of  fine  gray  sand,  and  furnished 
no  indications  of  a  good  fishing-ground. 

On  the  morning  of  September  1  hand  lines  were  used  at  hydrographic 
station  No.  1958,  latitude  44©  01'  N.,  longitude  124o  49'  15"  W.,  depth 
58  fathoms,  both  from  the  ship  and  from  small  boats.  Nothing  of  im- 
IM>rtance  was  taken  by  the  latter,  and  only  3  orange  rockfish  by  the 
former.  At  hydrographic  station  No.  1978,  later  in  the  day,  latitude 
430  68'  30''  N.,  longitude  124°  44'  20"  W.,  61  fathoms,  even  poorer 
results  were  obtained,  but  at  a  few  ship  lengths  from  this  berth  24 
rockfish,  of  two  species,  were  captured  in  the  course  of  a  few  minutes. 
Undoubtedly  at  many  places  where  we  were  unable  to  secure  anything 
with  hand  lines  excellent  fishing  could  be  obtained  with  the  beam  trawl. 
While  flounders,  soles,  and  some  other  edible  species  may  occur  in  very 
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great  numbers,  their  presence  might  not  be  indicated  by  hand  lines,  as- 
was  frequently  demonstrated  during  the  investigations  along  this  coast. 

Subsequent  to  the  trials  above  mentioned,  the  beam  trawl  wjas  cast^ 
at  station  No.  3080,  latitude  43°  68'  N.,  longitude  124©  36'  W.,  93  fath- 
oms, securing  3  species  of  rockfish,  1  black-cod,  1  cultus-cod,  and  10(^ 
flounders,  representing  several  species.    A  short  distance  from  this, 
spot  a  similar  catch  was  made  with  the  beam  trawl,  and  in  three  hauls, 
with  the  same  appliance  after  night  fall,  large  quantities  of  flounders, 
were  captured.    The  following  day  another  large  lot  of  flounders  was 
obtained  at  station  No.  3082,  latitude  43°  52'  N.,  longitude  124o  15'  W., 
43  fathoms,  while  0  red  rockfish  and  2  whiting  were  caught  on  banA 
line*  in  the  same  locality.    A  rich  spot  was  found  between  the  Siuslaw^ 
Biver  and  Heceta  Head,  where  52  black  rockfish  (Sebastodes  melanops) 
were  landed  on  the  deck  in  the  course  of  a  few  minutes.     We  com- 
menced fishing  in  a  depth  of  18  fathoms,  and  drifted  into  13^  fathoms. 
The  depth  was,  therefore,  very  favorable  for  hand-line  fishing.    Small- 
boat  fishing  could  be  successfully  prosecuted  all  along  this  part  of  the 
coast,  but  the  market  demand  is  not  sufficient  to  warrant  it  at  present. 

At  hydrographic  station  No.  1981,  latitude  44o  01'  30"  N.,  longitude 
1240  11'  30"  W.,  24  fathoms,  8  orange  rockfish  and  3  black-cod  were 
caught  on  hand  lines.  At  dredging  station  No.  3084,  latitude  44^  12' 
31"  N.,  longitude  124©  19'  W.,  46  fathoms,  the  beam  trawl  and  hand 
lines  were  both  used,  the  entire  catch  amounting  to  10  black-cod  and  9 
whiting.  The  edible  qualities  of  the  latter  seem  to  be  as  good  as  those 
of  the  red  rockfish,  and  the  species  is  abundant  in  many  places.  The 
next  trial  was  at  hydrographic  station  No.  1982,  latitude  44o  16'  N., 
longitude  124°  12'  W.,  31  fathoms,  and  comparatively  good  fishing  was 
obtained,  24  whiting,  14  orange  rockfish,  and  2  flounders  having  been 
captured  in  the  space  of  45  minutes.  Several  trials  in  the  neighbor- 
hood of  Cape  Perpetua,  Oregon,  proved  that  black- cod,  whiting,  and 
red  rockfish  occur  there  in  considerable  numbers.  The  depth  of  water 
and  character  of  the  bottom  are  suitable  for  small-boat  fishing.  The 
last  trial  for  the  day  was  in  31  fathoms.  Cape  Perpetua  bearing  ENE. 
(magnetic)  4  miles,  but  only  one  red  rockfish  was  secured  there.  The 
total  catch  of  edible  fishes  for  the  day  amounted  to  about  600  pounds. 
The  black-cod  in  this  locality  is  smaller  than  in  more  northern  waters, 
and  lacks  the  sweet  flavor  which  it  has  at  the  north. 

On  September  3  hand-line  fishing  was  prosecuted  with  much  dili- 
gence, the  day's  catch  amounting  to  41  black-cod,  60  orange  rockfish, 
3  whiting,  1  dogfish,  and  1  shark.  Had  the  wind  blown  leas  violently 
more  fish  would  undoubtedly  have  been  secured.  Thirty-seven  of  the 
black-cod  were  taken  during  the  first  drift,  Yaquina  Head  bearing  NB, 
J  N.,  and  distant  8  miles.  The  depth  was  44  fathoms.  From  our  ex- 
I)erience  the  best  fishing-spots  seemed  to  lie  from  6  to  8  miles  off  shore. 

Fishing  was  next  taken  up  off  Cape  Falcon,  or  False  Tillamook,  and 
w»8  continued  at  short  intervals  down  the  coast,   Tb©  results  were  not 
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favorable  as  off  Yaquina  Head,  but  a  strong  tide  waa  nmiung  at  tlie 
time  and  may  have  liad  more  or  less  effect  on  the  distribution  of  the  fish, 
is  known  to  be  the  ease  in  other  places.    On  many  spots  over  which 
were  drifted  the  hand  lines  brought  up  flounders,  and  the  beam  trawl, 
put  over  just  before  dark,  secured  between  800  and  900  of  these  fishes. 
Hie  region  about  Cape  Meares,  16^  miles  south  of  Gape  Falcon,  was 
aabsequently  investigated,  the  beam  trawl  being  first  used  at  station 
Ko.  3091,  latitude  45°  32'  K,  longitude  1240  19'  30"  W.,  depth  87  fath- 
oms.    Half  a  doeen  squid,  100  flounders,  5  red  rockfish,  and  about 
a  peck  of  prawns  composed  the  bulk  of  the  catch.    In  46  fathoms. 
Cape  Meares  bearing  E.  |  3.,  4  miles  distant,  only  one  red  rockfish  was 
taken  on  the  hand  lines.    A  berth  nearer  shore  gave  better  results, 
as  14  red  rockfish  were  quickly  secured  theire.    During  the  continuance 
of  this  drift  a  series  oi  trials  was  also  made  about  Arch  Bocks  by  means 
of  a  doiy.    These  rocks  lie  about  2  miles  from  Gape  Meares  and  5  miles 
from  the  entrance  to  Tillamook  Bay.    Our  investigations,  however, 
were  not  attended  with  success,  although  the  search  was  made  as 
thoioogh  as  the  time  permitted.    Attention  was  first  given  to  the 
northern  side  of  the  rock,  but  obtaining  nothing  there,  we  shifted  to 
the  south  side,  where  we  soon  discovered  the  cause  of  the  barren  con- 
dition of  the  region.    In  all  sheltered  places  where  the  warm  rays  of 
the  smi  could  penetrate,  hundreds  of  sea  lions  were  hauled  out  upon 
tlie  rocks.    Sea  birds  also  filled  the  air  and  covered  the  summits  of  the 
Toeks.    The  latter  likewise  consume  large  quantities  of  surface  fishes, 
SQch  as  herring  and  smelts,  and  although  none  of  these  species  were 
observed,  the  presence  of  the  birds  indicated  their  occurrence. 

Off  the  entrance  to  Tillamook  Bay,  22  red  rockfish,  2  orange  rockfish, 
1  black-cod,  4  cultus-cod,  and  1  yellow-striped  rockfish  were  captured. 
From  about  3  miles  north  of  Cape  Lookout  to  some  3  or  4  miles  below  the 
cape  a  very  thorough  examination  of  the  bottom  was  made  close  in 
shore.  During  fifteen  trials  none  of  the  baits  upon  the  hooks  were 
disturbed,  and  it  is  probable  that  the  sea  Uons  occurring  along  this 
region  have  caused  a  scarcity  of  fish.  While  the  inshore  work  was  in 
progress,  the  ship  vast  10  miles  off  the  land  and  made  trials  with  the 
^beam  trawl  and  hand  lines.  By  means  of  the  former  a  large  quantity 
Iff  flounders  was  secured,  while  with  the  latter  2  red  rockfish,  1  salmon, 
and  a  flounder  w^e  taken. 

Between  Cape  Lookout  and  Siletz  Bay  thirteen  trials  were  made  with 
hand  lines.  Fish  seemed  to  be  plentiful  in  a  few  places,  but  in  the 
majority  only  a  limited  number  were  obtained.  The  bottom  in  this  region 
ia  sandy.  The  true  cod  {Oadus  morrhua)  has  been  reported  from  time 
to  time  from  this  section  of  the  coast,  but  it  is  very  improbable  that  it 
ooeurs  there,  and  none  were  taken  by  the  Albatross  south  of  the  Strait 
of  Juan  de  Fuca.  A  few  vessels  would  have  no  trouble  in  obtaining 
good  fares  of  red  rockfish  and  black-cod  between  Tillamook  Bock  and 
Yaquina  Head,  but,  as  already  mentioned,  the  latter  species  liaa  lioi^ 
B.  Mis.  113 ^18 
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the  same  quality  here  as  off  Gape  Flattery  and  the  Queen  Charlotte 
Islands.  The  water  is  shallow  and  the  bottom  sufficiently  smooth  to 
render  fishing  easy,  and  while  the  tide  ruDS  rapidly  at  times,  it  is  not 
strong  enough  to  carry  a  trawl  buoy  below  the  surface. 

Running  down  the  coast  48  miles,  work  was  resumed  off  Heceta 
Head.  Between  this  point  and  Goquille  River,  a  distance  of  63  miles, 
trials  were  made  with  hand  lines  in  15  different  places.  The  bottom  is 
not  unlike  that  found  farther  north,  and  on  many  spots  and  ridges  red 
rockfish  were  fairly  abundant.  In  other  localities,  however,  the  bottom 
seemed  to  be  more  or  less  destitute  of  life. 

Some  time  was  occupied  in  hand-line  fishing  off  Tsiltcoos  River,  in  13 
fathoms,  the  mouth  of  the  river  bearing  SE.  by  E.  (magnetic),  distant 
2.7  miles,  but  without  success.  Better  results  were  obtained  during  a 
ten-minute  trial  off  Umpqua  River,  12  miles  south  of  Tsiltcoos  River, 
27  red  rockfish  being  taken.  The  character  of  the  bottom  in  these  two 
places  did  not  differ  materially. 

The  ground  adjacent  to  Cape  Gregory  was  careftdly  examined  in 
depths  of  11  to  40  fathoms.  The  best  fishing  was  found  in  the  last- 
mentioned  depth.  Cape  Gregory  light  bearing  S.  |  E.  (magnetic),  14.5 
miles  distant.  The  catch  consisted  of  22  red  rockfish.  In  six  subse- 
quent trials  nearer  the  shore,  in  depths  of  11  to  25  fathoms,  no  bites 
were  obtained,  notwithstanding  the  fact  that  the  same  kind  of  bait  was 
used.    At  times,  however,  fish  may  be  more  abundant  in  this  locality. 

At  hydrographic  station  No.  2066,  lat.  43©  03'  30"  N.,  long.  124o  33'  30" 
W.,  44 fathoms,  the  ship  lay  to,  drifting  for  an  hour  and  twenty  minutes, 
with  twelve  hand  lines  in  use,  but  not  a  single  fish  was  taken.  As  we 
worked  farther  southward  fish  became  exceedingly  scarce,  and  the 
ground  in  the  immediate  vicinity  of  Gape  Orford  proved  as  unproduct- 
ive as  that  off  Gape  Gregory.  Not  a  fish  was  obtained  in  the  course  of 
seven  trials,  while  with  the  beam  trawl,  11  miles  from  the  cape,  only  a 
few  shells,  1  starfish,  and  a  small  crab  were  secured. 

Many  trials  were  made  in  the  vicinity  of  Orford  Reef  by  means  of  the 
dory,  fitted  with  hand  lines  of  different  sizes.  This  reef  consists  of  sev- 
eral rough  ledges,  rising  abruptly  and  in  some  places  perpendicularly 
from  the  sea,  and  is  inhabited  by  many  sea  lions.  Unlike  other  similarly 
localities,  however,  where  the  i)re8ence  of  sea  lions  seems  to  cause  ^ 
great  scarcity  of  other  aquatic  life,  food-fishes  of  sevei*al  species  are 
abundant  here.  By  far  the  best  fishing  was  obtained  on  the  south  side 
of  the  reef,  in  6  to  8  fathoms  of  water,  hard,  irregular  bottom.  In  the 
beginning  an  anchorage  was  made  for  each  trial,  but  as  it  proved  very 
difficult  to  raise  the  anchor  at  times,  it  was  found  expedient  to  lay  to 
and  drift  with  the  wind  and  tide.  The  hooks  frequently  caught  on  the 
rocks,  causing  the  dory  to  bring  up  suddenly,  but  notwithstanding  these 
difficulties  a  very  good  collection  of  fishes  was  made.  Among  these 
were  red,  orange,  and  vermilion  rockfishes,  the  cultus  cod,  black -cod, 
and  several  large  sculpins.  The  cultuscod  were  unusually  abundant. 
During  the  progress  of  this  inveatigation  the  ship  waB  engaged  in 
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dredging  and  Ashing  to  the  southward  and  westward  of  the  reef.  One 
hani  with  the  beam  trawl  showed  the  bottom  to  be  very  rich  in  places. 
Only  1  cnltns-cod,  1  rockfish,  and  1  scnlpin  were  taken  with  the  hand 
lines. 

This  was  the  last  fishing  work  carried  on  dnringthe  cruise,  but  after 
a  trip  to  the  Columbia  Biver,  soundings  were  begun  off  Gape  Sebastian 
and  were  extended  as  far  as  Gape  Mendocino,  Galifornia.  The  char- 
acter of  the  bottom  along  this  part  of  the  coast  is  not  such  as  would 
lead  one  to  expect  the  presence  of  fishes  in  large  numbers,  but  some 
localities  may  be  found  where  good  fishing  can  be  obtained. 

The  capture  of  halibut  off  Gape  Mendocino  has  been  reported  on 
several  occasions.  The  captain  of  the  steam  fishing  schooner  George 
X.  Chance^  of  Portland,  Oregon,  states  that  in  the  latter  part  of  July, 
1889,  he  secured  a  number  of  halibut  close  to  the  cax)e,  in  a  depth  of  40 
fathoms.  As  the  feeding-ground  in  this  locality  covers  only  a  very 
small  area,  it  is  not  probable  that  many  halibut  need  be  looked  for 
there.  Heceta  Bank  is  probably  the  only  ground  south  of  Gape  Flattery 
where  halibut  may  be  expected  to  remain  for  any  length  of  time.  On 
the  evening  of  August  7  the  George  L.  Chance  anchored  on  the  southern 
part  of  that  bank  and  put  over  hand  lines.  Several  small  halibut  were 
caught  in  the  course  of  a  short  time,  and,  thinking  they  must  be 
abundant,  a  trawl  line  was  set.  The  next  morning,  on  hauling  it,  the 
heads  of  11  halibut  were  found  attached  to  the  hooks,  but  sharks  and 
dogfish  had  devoured  the  bodies.  Further  efforts  also  proved  fruitless, 
and  the  vessel  proceeded  to  Flattery  Bank,  where  a  fare  was  obtained. 

POINT  ABENA  TO  SANTA  BARBARA,  CAL.  (MARCH  AND  APRIL,  1890). 

The  Italian  and  Greek  fishermen  of  San  Francisco  fish  the  year 
round  in  various  localities,  both  to  the  north  and  south  of  the  Golden 
Gate.  The  most  northern  limit  to  their  grounds  is  Point  Arena,  the 
most  southern.  Point  Ano  Kuevo.  Hand-line  fishing  is  principally  car- 
ried on  between  Point  Reyes  and  Point  Arena,  in  depths  of  10  to  30  fath- 
oms. Extralarge  redrockfish  andcultus-cod  are  secured  off  PointEeyes, 
and  as  good  fares  may  be  obtained  within  2  or  3  miles  of  the  shore, 
attention  is  seldom  paid  to  the  adjacent  deeper  waters.  Bed  rockfish 
are  chiefly  taken  in  this  locality,  but  other  species  are  also  caught  in 
smaller  quantities.  The  red  rockfish  is  also  abundant  in  the  vicinity 
of  Bodega  Head  and  Tomales  Point.  Fishing  is  carried  on  in  Tomales 
Bay  during  the  entire  year,  drag  seines  and  three-mesh  trammel  nets 
being  used  for  the  capture  of  red  rockfish,  perch,  flounders,  smelt,  sea 
bass,  herring,  and  anchovies.  From  30  to  40  fishermen  confine  their 
operations  exclusively  to  this  bay,  making  no  attempts  to  try  on  any 
of  the  offshore  grounds.  The  catch  is  marketed  in  San  Francisco, 
being  transported  there  by  raU. 

In  Bodega  Bay  fishing  is  also  prosecuted  throughout  the  year,  by 
means  of  hand  lines  and  drag  seines.  The  princix)al  species  obtadnfid 
here  are  tomcod,  red  rockfish;  and  flounders. 
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The  next  importaat  fishing-groimd  south  of  Point  Beyes  is  Drake 
Bay.  Drag  seines  are  used  exelasively,  as  the  species  which  inhabit 
this  locality  are  most  readily  captured  by  this  method.  Large  boats 
engage  in  the  fishery  in  this  bay,  from  three  to  five  going  in  company 
and  each  taking  its  turn  in  carrying  the  catch  to  market. 

Ballenas  Bay,  not  far  from  the  Golden  Gate,  is  a  favorite  locality  for 
the  use  of  the  trammel  net.  Bed  rockfish,  sea  bass,  and  cultus-ood  are 
the  species  chiefly  taken. 

Directly  south  of  the  Golden  Gate,  between  Point  Lobos  and  Point 
San  Pedro,  is  a  stretch  of  barren  coast,  about  11  miles  long.  The  fish* 
ermen  account  for  the  scarcity  of  fish  in  this  region  by  the  x>resence  of 
sea  lions,  which  inhabit  the  ledges  and  all  available  places  along  the 
shore.  From  May  to  September  trawl  and  hand-line  fishing  is  carried 
on  between  Point  San  Pedro  and  Point  AfLo  Nuevo,  mainly  for  red 
rockfish.  As  before  mentioned,  the  San  Francisco  fishermen  do  not 
work  farther  south  than  Point  Ano  Kuevo,  but  below  that  place  other 
fishermen  pursue  their  caUing  in  close  proximity  to  the  coast. 

About  the  Farallon  Islands  is  located  one  of  the  chief  fishing-grounds 
off  the  coast  of  California.  Fishing  is  actively  carried  on  in  this  region 
from  September  to  May.  The  principal  anchorage  |s  off  the  south  side 
of  the  South  Farallon.  The  ground  surrounding  this  island  is,  as  a 
rule,  more  productive  than  that  adjacent  to  either  the  Middle  or  North 
Farallones.  The  bottom  is  exceedingly  rough  and  rocky,  and  much 
fishing  gear  is  frequently  lost  upon  it. 

Fanny  Shoal  is  a  small  spot  of  fishing-ground,  on  which  large  catches 
are  sometimes  made.  The  center  of  the  shoal  lies  3^  miles  northwest- 
erly from  the  North  Farallon. 

Gordell  Bank  is  located  some  10  miles  northwest  of  Fanny  Shoal,  and 
during  the  winter  months  it  is  resorted  to  by  a  few  of  the  large  boats 
fh>m  San  Francisco,  which  fish  for  cultus-cod  and  red  rockfish.  The 
fishermen,  however,  have  very  little  knowledge  respecting  the  size  and 
characteristics  of  the  bank,  and  take  no  pains  to  increase  their  stock  of 
information  regarding  it. 

The  ground  examined  by  the  steamer  Albatross  during  the  early 
spring  of  1890  extends  from  Point  Arena  to  Santa  Barbara.  Time 
would  not  permit  of  an  investigation  of  all  the  small  bays  and  indenta- 
tions, but  attention  was  chiefly  paid  to  localities  of  greatest  importance. 
The  fishing-grounds  south  of  the  Golden  Gate,  exclusive  of  the  bays,  do 
not  differ  greatly  from  those  along  the  northern  coast  of  California. 
The  30-fathom  curve  is  about  1^  miles  from  the  shore  off  Bodega  Head, 
and  at  Point  Beyes  above  2^  miles.  Its  distance  from  the  land  in- 
creases rapidly  from  this  point,  and  it  turns  abruptly  seaward  to  inclose 
the  Middle  and  South  Farallones.  At  Pigeon  Point,  38  miles  south  of 
the  Golden  Gate,  it  is  again  only  about  2^  miles  from  shore,  and  thence 
to  Santa  Oruz  it  continues  nearly  parallel  with  the  coast.  The  100- 
fathom  curve  passes  close  to  Oordell  Bank  and  the  Farallon  Islands,  and 
4Sv/H  the  latter  locality  to  off  Point  Auo  Nuevo  it  runs  nearly  parallel 
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with  the  30-fathom  curve.    It  enters  Montere}*  Bay  a  little  over  9  miles 
flonth  of  Santa  Oraz,  and  leaves  the  soathern  side  of  the  bay  abruptly. 

The  bottom  food-fishes  inhabiting  this  extensive  area  do  not  differ 
much  from  thpse  found  farther  north,  either  as  to  species,  quantity,  or 
quality.  Many  rich  spots  occur  as  feeding-grounds  for  the  various 
kinds  of  rockfish  and  other  important  species,  but  there  are  abundant 
muddy  depressions  where  nothing  of  commercial  value  can  be  found. 

The  fishermen  all  confine  their  efforts  to  depths  much  under  100 
fathoms.  Were  more  attention  paid  to  deep-water  fishing  it  would 
undoubtedly  result  in  a  material  improvement  in  the  size  and  quality 
of  the  boats.  A  large  number  of  thefishiug  boats  hailing  from  San 
Francisco,  Santa  Oruz,  and  Monterey  have  great  stability  and  sea- 
worthiness, and  they  are  often  good  sailers,  but  very  much  could  be 
done  to  increase  the  comfort  of  the  crew,  for  which  there  are  at  present 
practically  no  accommodations. 

On  two  occasions,  while  at  mchor  in  Brake  Bay,  the  bottom  was 
tested  with  hand  lines  of  different  sizes,  but  nothing  was  captured, 
and  the  same  negative  results  were  obtained  with  the  use  of  crab  nets. 
A  cod  trawl,  set  for  six  hours  across  a  rocky  patch  of  ground  on  the 
northern  side  of  the  bay,  afforded  only  2  small  flounders.  Bockfish 
inhabit  this  ledge  in  summer,  but  they  never  occur  there  in  large  num- 
bers. The  principal  edible  fishes  secured  with  the  beam  trawl  about 
the  Farallon  Islands  were  flounders  and  soles,  of  several  species,  and 
red  rockfish.  Flounders,  soles,  anchovies,  tomcod,  crabs,  and  other  in- 
Tertebrates  were  taken  by  the  same  means  in  the  vicinity  of  Noonday 
Bock,  but  only  red  rockfish  were  caught  with  hand  lines. 

A  cod  trawl  was  set  for  seven  hours  on  the  western  part  of  GordeU 
Bank,  in  a  depth  of  30-odd  fathoms,  the  catch  consisting  of  47  red 
rockfish,  averaging  0^  pounds  each,  and  2  cultus-cod,  weighing  18  and 
20  pounds,  resi)ectively.  One  orange  rockfish,  2  yellow-tails,  and  2 
cultus-cod  were  captured  with  hand  lines  during  a  drift  which  occu- 
pied about  three-quarters  of  an  hour.  All  subsequent  trials  with  hand 
lines  and  trawls  on  grounds  farther  south  proved  less  satisfactory. 
This,  however,  may  have  been  partly  due  to  a  strong  wind  which  pre- 
vailed during  the  greater  part  of  the  time. 

Cordell  Bank  has  not  yet  been  fuUy  explored.  It  covers  approxi- 
mately an  area  of  20  square  miles,  and  its  small  extent  precludes  its 
being  resorted  to  by  many  vessels  at  a  time.  A  vessel  operating  with 
six  to  eight  dories  could,  under  favorable  conditions,  obtain  from  4,000 
to  5,000  i>ounds  of  fish  a  day,  but  whether  this  abundant  supply  would 
continue  long  can  be  only  ascertained  by  experiment.  The  bottom 
consists  of  rocks,  sands,  and  shelly  patches,  intermixed  with  mud. 

On  grounds  contiguous  to  Point  Beyes,  Bussian  Biver,  and  Bodega 
Head,  and  off  the  entrance  to  Drake  Bay  edible  fishes  were  taken  in 
eonsiderable  quantities  with  the  beam  trawl,  but  nothing  worthy  of 
special  mention  was  obtained  in  the  immediate  vicinity  of  PomtB^^^Su 
Hauls  were  made  at  abort  intervals  along  the  coast  60u.tihwQiTd)\>^\gair 
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ning  off  Drake  Bay.  In  the  first  haul  100  floanders,  of  several  species, 
half  a  dozen  auchoyies,  a  few  herring,  red  rockfish,  and  tomcod  were 
collected.  Off  Ballenas  Bay,  4  miles  8 W.  by  W.  from  Duxbury  Point, 
50  anchovies,  1  smelt,  3  tomcod,  20  floanders,  half  a  dozen  perch,  and 
a  large  mass  of  other  material,  composed  the  catch.  One  mile  WITW. 
from  the  northern  end  of  Four  Fathom  Bank,  in  11  fathoms  of  water, 
floanders,  soles,  anchovies,  and  shrimps  were  taken. 

The  sole  obtained  in  this  region  are  small  compared  with  those  found 
in  deep  water  off  Monterey  Bay  and  to  the  westward  of  the  Farallon 
Islands.  This  species  is  pronounced  by  epicures  to  excel  in  edible 
qualities  nearly  all  the  other  deep-sea  fishes  of  the  Pacific  coast.  It 
seldom  reaches  the  San  Francisco  market,  however,  a«  the  fishermen  do 
not  push  into  sufficient  depth  of  water  to  procure  them.  The  steamer 
JJ.  S.  Orantj  of  San  Francisco,  has  been  engaged  for  some  time  in  deep* 
water  drag-net  seining,  but  its  operations  have  been  restricted  to  water 
of  too  slight  a  depth  to  procure  more  than  scattering  specimens. 

Trials  with  hand  lines  and  beam-trawl  were  made  off  Cypress  Point, 
but  without  much  success.  During  the  summer  fish  are  said  to  be 
abundant  in  this  locality,  but  in  winter  the  fishermen  spend  no  time 
upon  this  ground.  In  deep  water  off  Monterey  Bay  very  large  deep- 
sea  sole  *  were  taken  in  considerable  numbers ,  and  in  nearly  all  hauls 
made  farther  to  the  southward,  in  depths  over  90  or  100  fathoms,  the 
sole  and  black-cod  were  obtained  in  greater  or  less  abundance.  The 
edible  qualities  of  the  latter  species  are  inferior,  however,  to  what  they 
are  in  the  neighborhood  of  Gape  Flattery. 

A  cod  trawl  was  set  off  the  northern  entrance  to  San  Simeon  Bay, 
on  a  sharp,  rocky  patch  of  ground,  but  no  edible  fishes  were  caught, 
although  starfishes  were  numerous.  San  Simeon  Bay  has  been  for 
many  years  one  of  the  principal  whaling  stations  on  the  Pacific  coast, 
and  very  little  attention  has  been  paid  to  other  kinds  of  fishing.  Dur- 
ing the  past  winter  ten  boxes  of  smelts,  holding  160  pounds  i)er  box, 
were  secured  by  one  man,  using  gill  nets.  This  is  the  largest  amount 
offish  ever  taken  during  a  single  season. 

Seven  whales  were  taken  during  each  of  the  seasons  1888  and  1889. 
Those  obtained  in  1888  yielded  180  barrels  of  oil,  while  260  barrels 
were  taken  from  the  catch  of  1889.  This  difference  was  due  to  the 
larger  size  of  the  whales  in  the  latter  year.  Whales  frequent  this 
region  during  the  months  of  December,  January,  and  February,  but  in 
some  years  a  few  are  seen  as  late  as  the  middle  of  March.  It  is  during 
these  months  that  the  "  down  run"  takes  place.  The  "  up  run''  is  of 
shorter  duration,  lasting,  as  a  rule,  from  four  to  six  weeks.    While 

*  The  deep-sea  sole  taken  here  were  by  far  the  largest  found  by  the  AlbairoBs  in 
the  North  Pacific.  The  largest  specimens  weighed  8  pounds,  while  specimens  of  4 
to  6  pounds  were  common.  It  was  found  that  they  improved  by  being  kept  on  ice, 
and  a  considerable  number  were  carried  to  San  Francisco  for  distribatioii*  They 
were  highly  appreciated  by  those  who  received  them. 
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moving  south  the  whales  are  iuvariably  fat,  contaiuing  50  per  cent 
more  oil  than  on  the  return  north.  Twenty-one  men  and  nine  boats  are 
employed  at  this  station  during  the  whaling  season.  Only  two  men 
are  retained  in  the  summer,  to  look  after  the  boats  and  buildings. 
The  crew  receives  a  lay  of  one-fiftieth,  the  harpooner  or  shooter  (the 
harpoon  being  fired  from  a  gun)  one-sixteenth. 

From  San  Simeon  Bay  to  and  beyond  Point  Conception,  whiting,  red 
rockfish,  black-cod,  and  deep-sea  sole  were  taken  in  nearly  every  haul 
of  the  beam  trawl,  but  not  many  specimens  at  any  one  time.  Windy 
\feather  prevented  the  hand  lines  from  being  used  successAilly.  One 
morning  was  spent  in  seining  on  the  beach  at  Santa  Barbara;  vivipa- 
rous perch  were  the  predominating  species.  Summer  is  thcbest  season 
for  fishing  in  tliis  vicinity.  Crab  nets  were  set  in  various  places  for 
ttie  purpose  of  capturing  specimens  of  the  salt-water  crayfish,  but  none 
were  obtained,  as  this  species  is  rare  in  the  immediate  neighborhood  of 
Santa  Barbara.  The  fishermen  obtain  their  supplies  about  11  miles 
farther  south  and  among  the  outlying  islands. 

Fishing  was  next  resumed  in  Monterey  Bay,  on  the  return  trip  toward 

San  Francisco,  and  the  work  was  actively  carried  on  with  several  kinds 

of  apparatus.    Perch  and  smelt  were  taken  in  considerable  numbers  in 

^6  drag  seines.    One  small  striped  bass*  was  also  captured  by  the  same 

means,  and  it  is  thought  that  this  is  the  most  southern  point  from  which 

this  species  has  been  recorded.    Gill  nets  and  a  cod  trawl  were  set 

about  1^  miles  from  the  anchorage  in  the  harbor.    One  barracuda  was 

taken  in  the  former,  but  no  fishes  were  secured  with  the  latter,  although 

starfishes  of  several  species  were  attached  to  the  hooks.    The  winter 

fishing-ground  is  from  5  to  6  miles  farther  off  shore,  but  in  very  fine 

weather  red  rockfish  are  frequently  caught  close  to  the  head  of  the  bay. 

The  Monterey  fishermen  generally  fish  in  winter  on  grounds  contiguous 

to  the  southern  entrance  to  the  bay.    Those  at  Santa  Cruz  resort  to  a 

small  rocky  bank  which  lies  a  short  distance  southerly  from  Santa 

Cruz  light.    This  bank  is  also  extensively  fished  on  in  the  summer. 

6iU  nets  and  drag  seines  are  employed  on  sandy  bottoms  and  smooth 

beaches  in  different  parts  of  the  bay.    . 

Fish  of  all  kinds  were  unusuaUy  scarce  the  past  winter  in  Monterey 
Bay.  This  was  supposed  to  be  due  to  the  very  extensive  rainfall  which 
had  taken  place.  This  bay  seems  to  be  much  affected  by  storms. 
Twenty-four  hours  after  a  heavy  rain  the  surface  becomes  covered  with 
muddy  water,  which  has  the  effect  of  driving  the  fish  away,  but  they 
return  shortly  after  the  storm  has  subsided.  Continuously  stormy 
weather  has  a  tendency  to  keep  the  fish  away  for  comparatively  long 
X^eriods,  frequently  for  a  week  or  ten  days  at  a  time.  !N^otwitbstanding 
this  fact,  however,  Monterey  Bay  is  one  of  the  most  productive  fishing- 
grounds  on  the  California  coast. 

*  Boecus  lineattu,  introduced  from  the  Atlantic  and  now  becoming  common. 
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BEBING  SEA,  SUMMER  OF  1890. 

BRISTOL  BAT. 

Since  1882  from  one  to  four  vessels  have  fished  each  year  in  the  shallow 
waters  of  Bristol  Bay.  The  fish  inhabiting  this  region  do  not  ran  as 
large  as  in  the  !N^orth  Atlantic  Ocean,  and  vessels  of  large  tonnage, 
therefore,  find  it  impracticable  to  depend  entirely  upon  these  grounds 
for  a  season's  work.  Small  vessels  are  more  x^rofitable,  as  they  do  not 
exhaust  the  bottom  so  quickly,  and  consequently  have  to  change  their 
berth  less  frequently. 

The  fishing  vessels  entering  Bering  Sea  sometimes  make  trials  in  the 
vicinity  of  Fnimak  Pass  and  the  Northwest  Gape  of  Unimak  Island, 
the  latter  being  located  near  the  western  end  of  Slime  Bank.  It  is 
not  unusual  in  the  spring  that  they  find  comparatively  good  fishing  off 
Akutan,  Akun,  Tigaldi,  and  Avatanak  islands,  but  full  fares  are  never 
obtained  in  those  places,  and  a  large  catch  is  never  expected.  The  size 
and  quality  of  these  cod  compare  fairly  well  with  those  of  Bristol  Bay, 
but,  finding  them  much  less  abundant,  the  vessels  remain  here  only  a  few 
days.  The  natives  of  the  region,  however,  find  no  difficulty  in  obtain- 
ing all  the  cod,  flounders,  etc.,  which  they  require  for  their  own  nse. 

Slime  Bank  has  been  so  named  by  the  fishermen  on  account  of  the 
great  numbers  of  jellyfishes  which  occur  upon  it.  It  extends  from  the 
northwestern  extremity  of  Unimak  Island,  parallel  with  the  coast,  to 
within  about  10  miles  of  Amak  Island,  and  has  a  total  area  of  about 
1,445  square  miles;  its  average  width  is  about  17  miles.  The  bottom 
consists  of  gray,  yellow,  and  black  sand,  with  occasional  small  rocky 
patches.  The  water  is  usually  comparatively  shallow,  the  greatest 
depth  discovered  being  76  fathoms. 

After  leaving  the  Akutan  and  Unimak  grounds,  the  fishermen  next 
anchor  on  the  western  part  of  Slime  Bank,  and  thence  work  gradnally 
to  the  eastward.  Up  to  the  middle  or  latter  part  of  June  the  jellyfishes 
are  not  sufficiently  abundant  to  be  considered  a  nuisance,  but  immedi- 
ately after  that  time  they  increase  rapidly  and  soon  become  a  serious 
obstacle  to  fishing  operations.  Their  soft  tentacles  not  only  cover  the 
baits  on  the  hooks,  making  them  unattractive  to  fish,  but  they  also 
adhere  so  tenaciously  to  the  lines  that  the  latter  can  only  be  handled 
with  difficulty.  They  also  produce  much  irritation  and  at  times  cause 
severe  sores  to  break  out  on  the  hands  of  the  fishermen.  By  the  Ist  of 
July  the  mass  of  '^  slime"  has  become  so  thick  and  troublesome  that  it 
is  almost  useless  to  remain  longer  on  the  bank.  Otherwise,  SUme 
Bank  is  well  adapted  to  fishing  during  the  summer  months,  as  cod  are 
very  abundant  upon  it.  The  largest  and  most  thrifty  fish  are  found 
some  6  or  8  miles  off  shore,  a  large  percentage  of  those  caught  near  the 
land  being  small  and  of  inferior  quality. 

Although  we  had  previously  passed  over  Slime  Bank,  our  first  actual 

work  upon  it  began  on  June  24.    Eight  trials  with  hand  lines  were 

made  in  the  vicinity  of  Gape  Lopin  and  t\i^  Northwest  Cape,  the  catch 
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ftmonnting  to  139  cod,  weighiug  1,612  pounds.  Their  stomachs  con- 
tained crabs,  bolothnrians,  sand-lances,  and  the  remains  of  other  fishes. 
These  trials  occapied  from  twelve  to  twenty  minutes  each  and  were  made 
in  depths  of  13  to  62  fathoms,  the  bottom  being  sandy.  On  the  following 
day  hand-line  fishing  was  continued  in  connection  with  the  sounding 
and  dredging  ox>erations.  The  same  number  of  fishing  trials  was  made 
as  on  the  previous  day,  but  the  aggregate  weight  of  the  cod,  59  in 
nnmber,  was  only  696  pounds,  making  the  average  weight  slightly  less. 

In  the  immediate  vicinity  of  Amak  Island  cod  occur  only  in  small 
numbers,  their  scarcity  being  probably  due  to  the  presence  of  sea  lions. 
The  quantity  of  fish  consumed  in  this  vicinity  by  these  animals  must 
be  very  large,  especially  in  the  winter,  when  their  numbers  are  greatly 
angomented  by  visitors  from  the  north. 

The  walrus  has  always  been  abundant  in  this  region,  and  while  at 
anchor  off  Izenbek  Bay,  between  Amak  Island  and  the  mainland,  we 
observed  some  30  or  40  individuals  swimming  about  in  the  water  about 
three-quarters  of  a  mile  from  the  ship;  8  or  10  more  were  hauled  out 
upon  the  sand-spit  at  the  entrance  to  the  bay.  The  stretch  of  coast 
adjacent  to  Slime  Bank  has  no  available  harbors,  and  should  winter 
fishing  ever  be  carried  on  there,  which  is  improbable,  the  vessels  would 
be  exposed  to  very  severe  storms  without  the  means  of  shelter.  Dur- 
ing the  summer  heavy  winds  rarely  occur,  but  moderate  gales  of  short 
duration  are  cocasionally  experienced;  yet,  as  a  rule,  the  vessels  ride 
them  out  without  difficulty. 

Trawl  lines  are  not  used  in  Bering  Sea,  the  depth  of  water  and  char- 
acter of  the  bottom  making  it  more  convenient  to  fish  with  hand  lines 
from  dories.  A  few  attempts  have  been  made  to  employ  the  trawl  lines 
on  Slime  Bank,  but  they  soon  become  thickly  covered  with  the  so-called 
slime,  making  tiiem  difficult  to  handle,  while  the  catch  was  also  small. 
While  these  difficulties  would  not  be  encountered  elsewhere,  the  water 
is  generally  so  shallow  and  the  fish,  in  suitable  places,  so  abundant, 
that  the  hand  lines  can  be  operated  more  readily  and  economically. 

The  fishermen  have  no  trouble  in  obtaining  bait.  On  leaving  port 
a  small  quantity  of  salt  salmon  and  salt  herring  is  placed  on  board,  to 
use  for  the  first  trials,  but  this  is  soon  replaced  by  fresh  bait  taken  on 
the  hooks,  such  as  sculpins,  fiounders,  and  other  small  fish.  Halibut 
are  also  frequently  obtained  in  sufficient  quantities  to  serve  for  this 
purpose,  for  which  they  are  regarded  as  nearly  equal  to  squid.  All  of 
the  halibut  taken  in  Bristol  Bay  by  the  Albatross  were  of  small  size, 
and  it  is  said  that  large  individuals  are  rarely  obtained. 

Baird  Bank  is  much  the  largest  fishing-ground  in  Bristol  Bay.  It 
extends  from  off  Izenbek  Bay  to  the  Ugaguk  Biver,  a  distance  of  235 
miles,  and  has  an  extreme  width  of  59  miles,  its  total  area  amounting  to 
about  9,200  square  miles.  The  depths  range  from  13  to  53  fathoms,  and 
the  fauna  living  upon  it  is  rich  and  varied.  It  is  well  supplied  with 
ood.  The  name  Port  Holler  Bank,  which  has  been  given  to  it  by  th<^ 
fishermen,  has  been  changed  to  Baird  Bank  by  Capt.  TannQir* 
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Many  trials  were  made  ou  this  bank,  and  wbile  they  were  never  of 
long  duration^  the  examination  was  sufficiently  thorough  to  disclose  its 
principal  features.  As  on  Slime  Bank,  the  best  fish  were  found  some 
distance  from  the  shore,  the  most  favorable  localities  being  from  15  to 
20  miles  from  land.  Those  caught  within  4  or  5  miles  of  the  beaches 
and  headlands  were  small  and  many  were  inferior  in  quality. 

During  the  progress  of  the  inquiry  only  one  cod-fishing  vessel  was 
seen,  the  schooner  Vanderbilty  of  San  Francisco,  commanded  by  Gapt. 
A.  W.  Smith.  She  was  anchored  on  the  Pore  MoUer  ground,  about  20 
miles  off  shore,  and  had  been  on  the  bank  a  little  over  a  month.  Only 
one  berth  had  been  made,  and  43,000  cod  had  been  taken  up  to  that 
time.  We  subsequently  learned  that  the  Vanderbilt  completed  her  trip 
with  48,500  count  fish,  measuring  28  inches  and  over,  and  several  thou- 
sand small  fish.  Oapt.  Smith  informed  us  that  heavy  winds  prevailed 
from  June  11  to  21,  preventing  any  fishing  during  that  period.  The 
same  wind  on  the  Grand  or  Western  Bank  would  not  have  interfered 
with  fishing,  as  the  sea  there  takes  a  different  shax>e,  and  is  less  liable 
to  trip  or  break  into  a  dory.  On  the  south  banks  of  the  Alaska  Penin- 
sula the  sea  is  also  much  more  uniform  than  in  Bering  Sea.  Stormy 
weather  is  said  to  scatter  the  cod  on  the  banks  in  Bristol  Bay  or  to 
drive  them  into  deeper  water. 

The  halibut  on  Baird  Bank  seldom  exceed  25  pounds  in  weight.  They 
are  always  used  as  bait  when  taken,  and  are  sometimes  very  abundant. 
During  the  past  season,  however,  they  proved  to  be  unusually  scarce. 
Oapt.  Smith  considers  the  Port  MoUer  ground  to  be  superior  to  all  other 
fishing-grounds  in  Bering  Sea.  The  cod  are  not  larger  or  of  better 
quality  than  on  Slime  Bank,  but  there  are  fewer  obstacles  to  fishing. 

Kearly  aU  the  cod  in  Bristol  Bay  and  other  parts  of  Alaskan  waters 
have  black  napes,  specimens  with  white  napes  being  rarely  taken. 

As  we  proceeded  to  the  northward  and  eastward  from  the  Port  MoUer 
region  the  fish  gradually  decreased  in  size  and  abundance,  but  while 
the  difference  is  not  great  it  is  sufficient  to  induce  the  fishermen  to 
remain  in  that  locality.  However,  so  little  is  known  about  the  habits 
of  the  cod  in  this  region  that  no  reliable  deductions  can  yet  be  made 
regarding  this  general  subject.  Good  fares  can  undoubtedly  be 
obtained  to  the  eastward  of  the  Port  MoUer  ground,  but  at  the  eastern 
extremity  of  the  bank  the  fish  become  scattering  and  greatly  reduced 
in  numbers,  due  no  doubt  to  the  volume  of  fresh  water  which  issues 
from  the  Ugashik,  XJgaguk,  Kaknek,  Kvichak,  and  Kushagak  rivers. 
The  cod  which  visit  the  head  of  the  bay  are  probably  attracted  there  by 
young  salmon,  the  remains  of  which  were  found  in  the  stomachs  of  cod 
examined  from  this  locality.  In  this  same  region  cod  are  said  to  be  more 
abundant  and  to  range  farther  east  on  the  flood  tide  than  on  the  ebb. 

The  only  avaUable  harbors  for  shelter  adjacent  to  Baird  Bank  are 
Port  Moller  and  Herendeen  Bay,  but  as  these  places  are  not  yet  buoyed, 
their  tortuous  channels  are  especiaUy  difficult  of  navigation  by  sailing 
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vessels.  Southerly  and  westerly  winds  do  not  produce  a  heavy  sea, 
but  a  very  fresh  breeze  from  the  northwest  or  southwest  is  immediately 
followed  by  a  choppy  sea. 

An  examination  of  the  stomachs  of  all  the  cod  captured  by  the  Alba- 
tms  showed  that  they  feed  upon  a  wide  range  of  both  invertebrates 
and  fishes.  Pebbles,  often  of  considerable  size,  seemed  to  occur  more 
frequently  in  the  cod  of  Bering  Sea  than  in  those  of  the  North  Atlantic. 
They  are  undoubtedly  taken  in  with  such  articles  of  food  as  grow 
attached  to  hard  objects,  the  sea-anemones,  which  are  unusually  abun* 
dant  on  the  banks  of  Bristol  Bay,  being  of  this  character. 

That  part  of  Bering  Sea  situated  between  Cape  Gonstantine  and  Cape 

^ewenham,  and  extending  some  20  odd  miles  from  the  southern  end  of 

Hagemeister  Island,  has  been  named  Kulukak  Bank.    The  bottom  and 

the  fauna  in  this  region  do  not  differ  materially  in  character  from  those 

of  the  other  fishing-grounds  in  Bristol  Bay.    Sand  is  the  predominant 

in^terial,  with  an  occasional  mixture  of  mud  and  gravel.    At  the  begin* 

lUng  of  the  Bristol  Bay  cod-fishery  this  ground  was  resorted  to,  but  it 

'^as  soon  discovered  that  the  fish  were  smaller  and  inferior  in  quality 

to  those  occurring  on  the  more  southern  banks.    One  exception,  how* 

^ver,  is  noted  by  the  fishermen  with  respect  to  a  small  spot  situated 

stbout  16  miles  SSW.  from  the  southern  end  of  Hagemeister  Island, 

called  Gravel  Bank,  but  its  extent  is  slight;  the  depth  of  water  ranges 

from  16  to  20  fathoms. 

Small  fish  predominate  among  the  islands  of  the  Walrus  Group, 
Larger  individuals  are  reported  from  certain  indentations  and  rocky 
patches,  but  they  are  not  sufficiently  abundant  to  attract  fishermen. 

Cod  are  plentiful  in  the  vicinity  of  Cape  Peirce,  but  the  proportion  of 
diseajsed  individuals  among  them  has  led  the  fishermen  to  give  the  name 
Hospital  Bank  to  these  grounds.  Nothing  was  obtained  close  to  the 
rocky  bluffs  of  Cape  Newenham,  and  no  success  attended  the  trials 
made  in  the  adjacent  waters.  The  quantity  of  fresh  water  which  issues 
fi*om  the  Kuskokwim  Biver  probably  accounts  for  this  scarcity  or 
absence  of  fish. 

The  total  number  of  cod  caught  in  the  113  trials  made  in  Bristol  Bay 
during  the  summer  of  1890  was  946,  having  a  combined  weight  of 
9,919  pounds,  an  average  of  about  10^  x>ounds  per  fish.  The  highest 
average  in  any  single  catch  was  15^  pounds  on  Slime  Bank,  and  the 
next  highest,  15^  pounds,  on  the  Port  Holler  ground  of  Baird  Bank. 
The  average  weight  of  several  catches  on  Slime  and  Baird  banks  was 
more  than  15  pounds.  The  largest  cod  captured  during  the  cruise 
weighed  27^  pounds,  the  smallest  1  pound.  Practically  nothing  is 
known  respecting  the  abundance  or  movements  as  well  as  the  condition 
of  the  cod  on  the  banks  of  Bristol  Bay  during  the  winter  months,  as  no 
fishing  is  prosecuted  there  at  that  season. 

Nearly  all  the  fishing  trials  by  the  Albatross  were  conducted  while 
tiie  ship  was  hove  to,  and  rapidly  drifting  through  the  influence  of  the 
tide  or  wind.    The  len^rth  of  each  trial,  moreover,  aeldom  ^xe.wdL<^ 
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twenty  minates,  and  the  tests  were  therefore  insnflBcient  to  obtain  a 
thorough  knowledge  of  the  bottom,  yet  it  was  satisfactorily  demon- 
strated that  the  greater  part  of  Bristol  Bay  affords  good  fishing- grounds. 
As  a  rule,  vessels  have  better  fishing  after  the  lapse  of  two  or  three 
days,  the  bait  which  falls  from  the  hooks  or  otherwise  reaches  the  bot- 
tom tending  to  tole  the  fish  from  the  surrounding  area. 

While  all  of  the  fish  taken  during  the  summer  montns  were  care- 
fully examined,  only  one  cod  was  secured  in  which  the  elements  of 
reproduction  were  at  all  mature.  It  was  a  male  containing  ripe  milt. 
The  finding  of  occasional  individuals  thus  sexually  advanced  outside 
of  the  breeding  season  has  also  been»recorded  with  respect  to  the 
North  Atlantic  Ocean. 

The  investigations  of  the  steamer  Albatross  probably  covered  all  of 
the  important  cod  banks  on  the  eastern  side  of  Bering  Sea,  as  it  is 
extremely  doubtfiil  if  any  rich  banks  will  be  found  north  of  Cape 
Newenham.  Certainly  we  have  received  no  information  of  such  areas 
up  to  the  present  time,  although  scattering  specimens  of  cod  have  been 
reported  from  the  vicinity  of  Kunivak  Island  and  from  along  the  coast 
as  far  north  as  St.  Michaels.  On  the  Siberian  side  the  conditions  are 
better  suited  to  their  occurrence  in  higher  latitudes,  and  they  are  said 
to  abound  there  farther  north. 

Salmon  canneries  of  Bristol  Bay. — The  first  salmon  cannery  was  built 
on  the  Nushagak  Eiver  by  the  Arctic  Canning  Company  in  1884,  hav- 
ing been  the  outgrowth  of  a  salting  station  established  there  the  pre- 
vious year.  Other  canneries  were  soon  afterwards  constructed  in  the 
same  vicinity.  The  buildings  of  the  Arctic  Canning  Company  are 
situated  on  the  east  bank  of  the  river,  some  12  or  15  miles  above  its 
mouth.  The  number  of  men  and  boats  employed  is  as  follows :  One 
superintendent,  Mr.  H.  C.  Jeneen;  50  fishermen,  20  mechanics,  including 
engineers,  machinists,  firemen,  carpenters,  coopers,  cooks,  and  waiters; 
92  Chinamen;  25  boats,  and  1  steam  launch  ^  feet  long,  used  for  light 
towing  and  other  purposes. 

Each  cannery  has  one  large  vessel  to  carry  material  to  the  field  of 
labor — men,  machinery,  boxes,  nets,  boats,  barrels,  lumber,  etc.  As 
soon  as  she  arrives  at  her  destination  she  is  immediately  stripped  of 
sails  and  running  rigging,  and  moored  for  the  summer.  After  the  close 
of  the  salmon  season  she  is  again  fitted  up,  receives  the  catch  on  board, 
and  sets  out  on  the  home  voyage.  Scow  lighters  are  used  for  discharging 
and  loading  the  ships.  They  also  serve  as  quarters  to  live  in  when- 
ever fishing  is  carried  on  up  the  river  a  considerable  distance  from  the 
cannery.  The  salmon  are  frequently  most  abundant  40  or  50  miles 
from  the  mouth  of  the  river,  at  which  time  the  entire  force  of  fisher- 
men repair  to  that  place  and  work  night  and  day  until  a  change  of 
location  becomes  desirable.  When  a  scow  is  loaded  with  salmon  it  is 
generally  taken  in  tow  by  the  steam  launch,  but  sometimes  one  or  more 
will  drop  down  the  river  on  the  ebb  tide  without  this  aid. 
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The  cannery  of  the  Nushagak  Canning  Company  is  also  located  on 
the  east  bank  of  the  riyer,  9  miles  below  Fort  Alexander.  It  was  built  in 
1887,  and  is  under  the  management  of  J.  W.  Clark  and  J.  L.  Wetherbee. 
The  working  force  comprises  40  ^shermen,  100  Chinamen,  1  engineer, 
2  firemen,  1  carpenter,  1  box-maker,  1  cook,  and  2  waiters.  They  use  1 
ateam  launch,  20  boats,  and  5  scows,  of  which  one  is  sloop-rigged. 

The  Alaska  Packing  Company's  cannery  was  established  in  1886, 
and  has  paid  a  good  interest  on  the  investment.  The  men  and  boats 
ODployed  are  as  follows:  50  fishermen^  95  Chinamen,  several  engineers 
and  firemen,  2  carpenters,  1  box-maker,  1  cook,  and  2  waiters ;  25  boats, 
8  scows,  of  which  1  is  sloop-rigged,  1  steam  launch  36  feet  long,  and  1 
steamer  of  40  tons  burden. 

The  Bristol  Bay  Canning  Company's  establishment  is  on  the  west 
side  of  the  river,  nearly  opposite  Fort  Alexander,  in  what  is  considered 
to  be  one  of  the  best  locations  in  the  region^  it  was  built  in  1885.  It 
employs  50  fishermen,  83  Chinamen,  and  18  other  persons,  including 
engineers,  carpenters,  firemen,  etc. ;  and  is  equipped  with  25  boats,  5 
aeowB,  1  sloop,  and  1  steam  launch. 

All  the  canneries  on  the  Nushagak  Biver  have  adopted  the  same 
methods  of  fishing  for  salmon,  namely,  with  gill  nets,  which  yield  the 
best  results  at  all  times.    They  are  regarded  as  much  sux>erior  to  drag 
seines  and  traps.    Two  sizes  of  nets  are  employed,  one  for  king  salmon^ 
the  other  for  red  and  silver  salmon.    A  king-salmon  net  is  100  fathoms 
long  and  23|  feet  deep,  or  30  meshes,  measuring  9^  inches  stretched. 
The  nets  for  the  red  and  silver  salmon  are  70  fathoms  long  and  13  feet 
or  24  meshes  deep,  the  size  of  the  mesh  being  6^  inches.    The  floats  are 
aiade  of  wood  and  are  placed  3  feet  apart;  the  leads  on  the  foot  line 
are  2^  feet  apart.    Attached  to  the  lower  comers  of  each  net  is  a  gal- 
vanized-iron  ring,  1  foot  in  diameter,  which  prevents  the  net  from  foul- 
ing.   Without  their  use  the  nets,  when  set  in  a  strong  current,  tend  to 
roll  up  into  an  inextricable  ball.    The  nets  seldom  survive  a  season's 
fishing,  for  they  are  continually  in  the  water,  except  when  undergoing 
repairs.    The  fishermen  generally  regard  the  Barbour  twine,  manufac- 
tm^  in  this  country,  as  superior  to  that  of  Scotch  manufacture,  because 
it  wears  better,  and  some  canneries  have  discarded  the  use  of  all  for- 
eign-made twine,  notwithstanding  its  cheaper  price.    The  fishermen 
rig  and  hang  all  nets  and  other  gear  used  in  the  fishery,  and  also  keep 
them  in  repair.    When  fish  are  abundant  one  or  two  men  from  each 
cannery  are  detailed  to  attend  to  the  repairing. 

The  boats  used  by  the  Alaska  Packing  Company  are  of  the  Colum- 
bia Biver  type,  measuring  25  feet  long,  8  feet  beam,  and  2  feet  deep. 
They  are  provided  with  centerboard,  and  with  a  small  half  deck,  both 
fore  and  aft,  under  which  small  articles  can  be  stored.  An  8-inch  wash- 
rail  affords  some  protection  against  a  choppy  sea  in  a  stiff  breeze. 
The  sprit-sail  rig  is  universally  employed  on  the  Nushagak  as  on  the 
Columbia  Biver,  the  sail  area  being  from  40  to  60  square  yards.    All 
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other  canneries  on  this  river  use  flat-bottomed  boats,  measuring  24  feet 
over  all,  and  7  feet  beam,  with  an  8-inch  washrail.  This  style  of  boat 
costs  less  than  the  other,  and  is  equally  efficient,  especially  as  sand- 
bars and  mudflats  are  scattered  along  the  river. 

The  fishermen  receive  10  cents  each  for  cat<ihing  king  salmon  and  3 
cents  each  for  red  and  sUver  salmon,  besides  $75  for  assistance  in 
handling  the  vessel  on  the  passage  to  and  from  San  Francisco.  Pre- 
vious to  the  present  season  the  fishermen  have  been  paid  monthly 
wages,  but  the  change  is  thought  to  be  for  the  better,  and  all  the  can- 
neries have  agreed  to  the  same  terms. 

Forty-five  cents  per  case  is  paid  for  putting  up  salmon.  This  in. 
eludes  all  the  labor  from  the  time  the  fish  are  taken  from  the  fishermen 
until  the  cans  are  labeled  and  boxed  for  shipment.  Each  cannery 
employs  one  reliable  Chinaman  to  attend  to  the  mechanical  part  of  the 
business,  and  he  hires  the  remaining  men  of  his  class,  who  look  to  him 
for  their  pay.    He  is  held  rigidly  to  his  agreement  by  the  company. 

The  facilities  for  handling  and  putting  up  salmon  are  about  the  same 
at  all  the  canneries  on  the  ]^ushagak  Eiver.  Twelve  hundred  is  the 
largest  number  of  cases  that  could  be  prepared  in  a  day  by  each  cannery, 
providing  every  effort  was  put  forth,  but  the  fish  are  not  sufficiently 
abundant  to  attain  that  figure,  and  half  the  amount  mentioned  would 
be  regarded  as  a  fair  day's  work. 

Salmon  first  make  their  appearance  the  first  of  June,  and  remain 
fix)m  55  to  60  days.  As  the  season  is  short  all  the  needed  preparations 
are  made  beforehand  and  from  the  middle  of  May  until  the  first  of  June 
every  man  about  the  cannery  is  actively  engage^  in  this  work. 

Formerly  the  machinery  for  manufacturing  cans  was  sent  out  from 
San  Francisco,  but  it  has  since  been  found  more  economical  to  ship 
them  ready-made  from  the  latter  place.  Another  advantage  is  that  the 
voyage  is  delayed  until  more  settled  weather  generally  prevails. 

The  first  salmon  were  taken  the  past  season  on  the  morning  of  June 
3  by  boats  belonging  to  the  Bristol  Bay  Canning  Company.  The  total 
catch  on  that  date  amounted  to  660  fish,  producing  250  cases.  This 
small  catch  acted  as  an  incentive  and  everybody  rushed  to  the  spot 
where  they  had  been  obtained,  but  several  days  elapsed  before  any 
more  were  taken. 

The  first  species  which  enters  the  river  is  the  king  salmon.  They 
remain  about  a  fortnight,  after  which  come  the  red  salmon,  followed 
closely  by  the  silver  salmon.  The  king  salmon  are  first  sought  in  the 
vicinity  of  Coft'ee  Point,  a  high  promontory  situated  on  the  west  side 
of  the  river,  where  the  fishermen  are  in  the  habit  of  coming  together  to 
drink  their  coffee  after  a  hard  night's  fishing. 

It  is  said  that  the  ice  has  considerable  effect  upon  the  appearance  of 

the  salmon.    It  is  sometimes  unusually  late  in  breaking  up  in  the  river, 

in  which  case  the  salmon  remain  outside  until  it  has  disapx>eared  and 

the  temperature  of  the  water  has  somewhat  increased.     When  the 

Balmon  are  late  in  entering  the  river  they  immediately  proceed  up 
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stream  to  Knshagak  and  Aleknagik  lakes,  where  they  spawn.  If  the 
season  be  an  open  one,  however,  they  frequently  loiter  on  the  way, 
spending  considerable  time  on  their  upward  passage.  The  latter  con- 
ditions are,  of  course,  most  favorable  for  the  fishermen.  During  the 
past  spring  the  river  was  blockaded  with  ice  until  May  20,  and  the 
mn  was  a  late  one  in  consequence. 

The  fishermen  consider  that  the  salmon  spawn  about  a  month  after 

entering  the  river.    The  superintendent  of  the  Bristol  Bay  Canning 

Company,  who  has  had  much  experience  in  this  part  of  Alaska,  states 

that  from  the  first  of  August  until  October  young  salmon  pass  down 

stream,  and  enter  the  sea  daily  by  the  million.    It  takes,  on  an  average, 

aboat  6  red  salmon  to  make  a  case  of  the  preserved  product,  and  about 

the  same  number  of  silver  salmon.    Two  and  one-half  of  the  king  salmon 

are  equivalent  to  about  6  of  either  of  the  other  two  species. 

Heretofore  each  cannery  has  had  from  one  to  five  traps,  but  returns 
from  them  have  not  compared  favorably  with  the  cost  of  keeping  them 
in  repair.  The  original  cost  of  a  trap  is  (250.  The  main  body  is  made 
o£  twine,  but  the  leaders  are  constructed  of  galvanized-iron  wire  netting, 
^^vhich  is  superior  to  common  twine  netting,  ofiering  more  resistance  to 
t>lie  drift  material  which  comes  down  the  river  in  large  quantities. 
^Notwithstanding,  however,  that  every  precaution  is  taken  to  make  them 
secure,  they  are  frequently  torn  from  their  fastenings  and  swept  away. 
The  king  salmon  is  said  not  to  enter  the  traps  like  the  other  species. 

The  Arctic  Canning  Company  has  this  year  built  a  trap  in  the  Kak- 
nek  Biver,  which  it  is  expected  will  give  good  results. 

VICINITY  OF  UN  ALASKA  ISLAIO). 

Along  the  Aleutian  group  of  islands  the  bottom  differs  materially  in 
character  from  that  of  Bristol  Bay.  Instead  of  large  areas  of  sand, 
intermixed  with  patches  of  mud  and  rocks,  nearly  one  continuous  rocky 
bottom  is  found,  npon  which  cod  are  fairly  abundant.  The  investiga- 
tions of  theAlbatro88  among  the  Aleutian  Islands  were  mainly  confined 
to  the  continental  platform  along  the  Bering  Sea  side  of  Unalaska 
Island  as  far  as  Umnak  Island.  However,  a  line  of  soundings  was  run 
between  Atka  Island  and  Unalaska  Island,  nearlyparallelwith  the  coast 
trend,  which  indicated  the  existence  of  much  bottom  suited  to  cod  and 
halibut,  and  good  fishing-grounds  for  those  species  will  undoubtedly 
be  found  in  that  region,  as  well  as  about  the  other  islands  lying  to  the 
westward  of  Atka.  Information  to  the  same  eifect  has  been  derived 
fit)m  other  sources,  but  the  occurrence  of  large  fishing-banks  is  pre- 
cluded by  the  fact  that  deep  water  approaches  to  within  a  very  short 
distance  of  the  islands. 

Unalaska  harbor  and  vicinity. — ^The  fishing-grounds  in  the  neighbor- 
liood  of  Eiuliuk,  Unalaska,  extend  only  a  short  distance  from  the  shore, 
3  to  6  miles  being  the  width  of  area  on  which  cod  are  likely  to  be  found. 
The  bottom  consists  mainly  of  rocky  and  muddy  patches,  of  small  to 
large  extent,  on  which  sand^  ^a vel;  and  shells  also  occnt  vn  ^m^AV  <\vv^\i- 
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tities.  The  rocks  have  the  appearance  of  being  of  volcanic  origin,  and 
are  very  rough  and  sharp.  They  would  be  very  destructive  to  most 
kinds  of  fishing  gear. 

Cod  are  frequently  caught  from  the  wharf  and  beach  in  Ilinliuk  Har- 
bor, and  native  women  may  often  be  seen  fishing  for  them  from  the  rocks 
along  the  shore.  Certain  grounds  in  Captain's  Harbor  are  sufficiently 
rich  to  supply  the  inhabitants  of  Iliuliuk  during  the  entire  year.  The 
fish  taken  there,  however,  are  not  as  good  as  those  from  the  offshore 
grounds,  but  the  Aleuts  are  not  particular  about  their  quality. 

The  cod  in  this  locality  will  accept  almost  anything  as  bait,  and 
among  the  articles  used  for  this  purpose  may  be  mentioned  seal  meat, 
sculpins,  flounders,  pork,  and  bacon.  Salmon  being  the  principal  diet 
of  these  people,  a  large  stock  of  cod  is  never  secured  at  one  time,  and 
the  latter  species  is  almost  invariably  eaten  fresh.  Such  as  are  not 
immediately  eaten,  however,  are  cured  in  the  same  manner  as  salmon. 

Considerable  time  was  spent  in  testing  the  bottom  in  the  vicinity  of 
Priest  Bock  and  Cape  Cheerful,  at  the  entrance  of  Ilinliuk  Harbor. 
Trials  were  made  with  hand-lines  in  depths  of  from  22  to  58  fathoms. 
In  close  proximity  to  the  cape,  cod  were  found  abundant,  the  average 
weight  of  those  captured  being  11  x)ounds.  A  halibut  weighing  6^ 
pounds  was  caught  in  a  depth  of  40  fathoms,  sandy  bottom.  This  sptM^ies 
has  never  been  regarded  as  common  in  this  region,  but,  as  no  one  ever 
fishes  for  them,  the  real  facts  in  the  case  have  not  yet  been  ascertaiued. 

In  approaching  Priest  Bock  we  met  with  less  success,  the  scarcity  of 
cod  being  due,  no.  doubt,  to  the  extent  of  muddy  bottom  which  occurs 
there.  By  a  careful  series  of  trials  productive  spots  could  probably  be 
found  in  that  vicinity. 

This  part  of  XJnalaska  Island  offers  many  inducements  for  the  estab- 
lishment of  fishing  stations,  such  as  occur  on  the  Sannak  and  Shuma- 
gin  islands,  and  a  profitable  industry  of  this  character  could  undoubt- 
edly be  built  up  at  this  place.  Good  bait  can  readily  be  obtained  in  the 
fishing  season,  such  as  herring,  smelt,  sculpins,  flounders,  and  salmon, 
and  the  cost  of  catching  the  same  would  be  slight. 

Cape  Cheerful  to  Maktishin  Ba/y. — Between  these  two  points  the 
bottom  differs  but  little  from  that  above  described.  A  well-defined 
platform,  from  5  to  6  miles  wide,  and  with  depths  of  20  to  60  fethoms, 
runs  parallel  with  the  coast.  At  its  outer  edge  the  bottom  drops  off 
suddenly  into  deep  water.  In  many  places  cod  were  fairly  abundant, 
and  small  vessels  could  probably  fish  in  this  region  with  profit.  Owing 
to  the  force  of  the  wind,  which  interfered  greatly  with  operations,  noth- 
ing was  obtained  in  many  of  the  trials  made  by  the  Albatrosa.  Had 
an  anchorage  been  made  in  each  instance  it  is  reasonable  to  suppose 
that  better  results  would  have  been  secured.  By  far  the  greatest 
number  of  cod  were  found  near  the  shore,  but  the  best  fish,  as  to  sise 
and  quality,  were  taken  some  distance  off  the  land.  At  other  seasons, 
however,  the  conditions  may  be  more  favorable  inshore. 
JSxceUeati  Aabing  was  obtained  at  the  mouth  of  a  small  iadeatatioii 
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or  bay  11  miles  east  of  Cape  Makushiu,  both  cod  and  halibut  being 
captured.  Three  specimens  of  the  latter  species  were  secured,  weighing 
6J,  8,  aud  15  pounds,  respectively.  Two  trials  were  made  off  the  mouth 
of  Makushin  Bay,  but  a  strong  wind  prevented  satisfactory  work. 

Makushin  Bay  to  TImndk  Island, — The  bottom  in  this  region  differs 
from  that  farther  to  the  eastward  chiefly  in  being  better  adapted  to  cod 
and  halibut,  especially  the  latter.  The  beam  trawl  and  hand  lines  were 
iised  in  the  vicinity  of  Makushin  Bay  and  Gape  Hague.  A  rich  bot- 
tom was  disclosed  by  the  former,  but  only  Ave  cod  were  taken  in  as 
many  trials  with  the  latter.  They  may,  however,  be  more-  abundant 
here  at  other  times.  The  bottom  was  found  to  be  largely  made  up  of 
sandy,  muddy,  and  coral  patches.  With  the  latter  were  large  quanti- 
ties of  sponges  and  other  rich  material,  the  combination  suggesting 
the  deep-water  localities  on  the  Grand  Bank,  where  halibut  are  plenti- 
fiil.  This  species  is  sometimes  caught  here  by  the  natives,  but  whether 
they  can  be  obtained  in  paying  quantities  or  not  has  yet  to  be  deter- 
mined. Small  vessels  might  probably  engage  in  their  capture  with 
some  show  of  success,  but  many  years  would  elapse  before  all  the  good 
fishing-spots  could  be  located,  and  at  present  there  is  no  particular 
inducement  to  establish  a  commercial  fishery  in  this  region,  as  the  hali- 
but grounds  south  of  the  Alaska  Peninsula  and  off  the  southeastern 
coast  of  the  Territory  offer  better  opportunities. 

Ckemoffsky  and  vicinity,— ^esir  the  harbor  of  Chernoffsky  there  is  an 
wcellent  ground  for  both  cod  and  halibut.  Fifty-three  cod  and  5  hali- 
but were  captured  on  one  trial  lasting  only  thirty  minutes.  This  would 
be  a  good  fishing-place  for  a  fieet  of  small  vessels.  Mr.  Eankin,  agent 
of  the  Alaska  Commercial  Company,  who  has  lived  at  Chernoffsky  seven 
years,  states  that  the  best  halibut  ground  along  this  section  of  the 
coast  is  located  in  a  small  bay  some  6  or  8  miles  to  the  west  of  Chern- 
offsky. During  the  summer  halibut  are  plentiful  inshore,  but  on  the 
approach  of  winter  they  invariably  seek  deeper  water.  They  are  suffi- 
ciently abundant  to  maintain  a  small  fishery,  providing  there  were 
convenient  markets  for  the  catch.  From  10  to  12  x>ounds  is  the  average 
«i^e  of  those  caught  on  the  grounds  near  Chernoffsky  and  Umnak  Pass. 

Pew  halibut  are  found  near  the  outer  edge  of  the  platform;  the  bot- 
tom a  few  miles  nearer  shore  seems  to  be  better  adapted  to  them.  All 
the  halibut  observed  by  the  Albatross  vreve  white.  Gray  halibut  are 
said  to  be  seldom  taken  in  Alaskan  waters  or  off  the  Queen  Charlotte 
Islands  and  on  Flattery  Bank. 

Excellent  cod-fishing  was  obtained  at  nearly  every  trial  made  off  Cher- 
noffsky, but  as  we  approached  Umnak  Pass  less  success  was  met  with. 
Fever  fish  were  found  on  the  western  side  of  the  pass  than  on  the  east- 
ern side,  but  it  is  probable  that  at  some  other  season  of  the  year  cod 
niay  be  more  plentiful  in  the  former  locality,  as  the  character  of  the 
bottom  seems  to  be  the  same  in  both  places.  In  fact  the  difference  in 
their  abundance  may  have  been  duo  to  the  state  of  the  tide  atttieX^vmfe 
the  trials  were  made.  Fishing  was  carried  on  in  U  mnak  P  aaa  in  ^Q  \^>  ^ 
JJ,  Mj8.  IIS 19 
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fathoms.  Trawl  lines  were  not  set,  as  the  bottom  was  rough  and  rockj 
and  it  was  possible  to  cover  the  ground  more  rapidly  by  means  of  han 
lines. 

Bait  is  as  abundant  and  varied  at  Cheruoifsky  as  at  Iliuliuk.  Hei 
ring  and  other  migratory  fishes  school  about  this  part  of  the  island  i 
considerable  numbers.  There  is  a  fine,  smooth  beach  at  GhemofTsk} 
well  suited  to  the  use  of  seines,  and  gill  nets  could  also  be  set  to  gooi 
advantage  in  this  locality,  but  the  former  method  is  preferable. 

Makushin  Bay  and  Ghernoffsky  are  the  best  harbors  on  the  nortl 
side  of  Unalaska,  west  of  Gape  Gheerfal.  They  are  accessible  in  mos 
weather  when  fishing  vessels  would  be  likely  to  seek  shelter  on  a  coas 
unprovided  with  lights  or  buoys.  Ghernoffsky  is  landlocked  and  larg 
enough  to  accommodate  a  good-sized  fleet  of  small  vessels. 

But  little  profit  could  be  realized  by  San  Francisco  merchants  in  th 
employment  of  the  small  vessels  hitherto  described  to  fish  on  banks  s 
far  from  any  market,  yet  vessels  of  this  size  would  have  a  decidet 
advantage  in  fishing  here  over  the  larger  ones  which  visit  the  OkhotsI 
Sea.  This  is  owing  to  the  frequent  change  in  position  which  would  b 
necessary,  the  nearness  of  the  grounds  to  the  coast  making  it  als 
possible  readily  to  seek  shelter.  Should  an  extensive  fishery  grow  u 
in  this  region,  it  would  probably  be  conducted  from  local  stations  b; 
means  of  small  boats  and  small  vessels,  employing  hand  lines;  and 
after  the  preliminary  curing  of  the  cod,  shipments  could  be  made  t 
market  in  vessels  of  large  tonnage. 

Miscellaneotis. — In  Makushin  Bay  large  quantities  of  humpbacl 
salmon,  trout,  young  cod,  and  flounders  were  captured  by  means  c 
the  drag  seine.  The  beaches  are  smooth  and  comparatively  free  froE 
rocks  and  other  obstacles  to  seining.  Two  small  streams  enter  th 
bay  not  far  from  the  settlement.  The  larger  one  brings  down  consider 
able  quantities  of  mud,  which  is  deposited  in  the  bay  at  half  tide,  dis 
coloring  the  water  for  about  2  miles  along  the  shore.  The  mudd; 
water,  however,  has  no  apparent  effect  upon  the  salmon,  as  they  mnu] 
this  stream  to  the  same  extent  as  up  the  clearer  one. 

The  humpback  salmon  enter  the  streams  first,  followed  by  the  silve 
salmon.  The  same  is  true  of  the  streams  at  Iliuliuk,  Gaptain  Harboi 
and  Ghernoffsky.  Gousiderable  collecting  was  done  at  each  of  thes* 
places  by  means  of  drag  seines  and  other  appliances,  with  good  results 

The  harbors,  bays,  and  streams  of  Unalaska  are  well  supplied  witl 
salmon  in  their  season,  but  the  run  is  not  sufficiently  large  to  suppor 
extensive  canning  operations. 

From  the  statement  of  fishing  stations,  which  accompanies  thi 
report,  it  will  be  seen  that  37  trials  with  hand  lines  were  made  betweei 
Priest  Bock  and  XJmnak  Island.  In  14  of  these  trials  nothing  wa 
taken,  but  in  the  other  23  the  combined  catch  amounted  to  163  cod  am 
21  halibut.  The  total  weight  of  the  cod  was  1,834  x)Ounds,  an  averagi 
of  something  over  11  pounds  each;  and  the  total  weight  of  the  halibu 
^9^^  poandSp  an  average  of  nearly  14  pounds  to  each  fish. 
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Btcerd  of  hydrographic  soundings  by  the  U.  S,  Fiah  Commigaion  atcamer  Alhatroaa  from 

July  1,  18S9f  to  June  30, 1891. 
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gn.  M . 
gn.M. 


fne.  gy.  S 
I.  M 


gn- 

gn.  M 

{fu.  M 
)k.  S.  and  JA 

M 

gn.M. 


rn.M 59 

k.  S.  nud  M. . 


H'.gy.  S. 


g 

R 

R 

C 

C 

C 

R 

P 

Rkv... 
gn.M.fi 

rky 

No  bottom  8p<fc- 

iraon. 
gn.  M.  and  S  . . . 

bk.S 

bk.  S.  and  M  . . 
bk.  S.  and  M . . . 

fin.  M.  and  (.1 . . 
)k.  S.  Mild  (j . . . 

C.  and  G 

C 

gn.M. and  G.. 
Rky.  brk.Sh.. 

Co 

fne.  gv.  S 

yl.S.' 

i'ne.  gy.  S 

fhe.  gy.  S 

fne.  gy.  S 

Wh.  S.  bk.  Sp. 

Sb. 

?y.  S 

tne.  try.  S.  and 

gn.M. 

bk.S 

C. and  P  


Sur'Bot^ 
face.  torn. 


!      « 


c 

c 

Rky 

fne.  gy.S.   bk. 

Sp. 
fne.gy.  S.  bk. 

Sp. 
fne.  gy.  S.  and 

G. 


54 

55 


52 


60 


46.2 
45.7 
45.8 
45.7 
46.7 
45.8 
45.6 
43.6 
45.5 
45.2 


Instru- 
ment used. 


47.8 


46.7 
46.5 
46.5 
46.3 
47.2 
48.2 


.do  .. 
.do  ..' 
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ydrographic  soundings  by  the  U,  8,  Fish  Commission  steamer  Albatross,  from 
July  1,  1889 J  to  June  Mf,  i^Pi— Continued. 


Time  of 
day. 


3 :46  p.  m 

4 :35  p.  m 

5 :12  p.  ni 

9 :00  A.  ID 

10:10  a.  m 

11:26  a.  m 

ll:dla.  ni 

12:20  p.  m 

1 :20  p.  m 

3 :27  p.  m 

4:29  p. m 

7  :U4  a.  m 


7 :46  a.  m 
8:23  a.  m 
8:50a.in 
9:30  a.  m 

10:18  a.  m 


ilO.46 

,11:16 

11:44 

12:04 

12:52 

1:45 

2:32 

3:20 

3:45 


a.m 
a.nt 
a.ni 
p.  m 


m 
ni 
111 
If] 
m 


4:21p.m 
5 :01  p.  m 
5:28  p.  m 

6:16  p.  m 
5:35  a.m 
6 :33  a.  ni 

8:03  a.  m 

9:00a.m 

9:46  a.  m 

10:45  a.  m 

11:30  a.  m 

,12:Up.m 

12:57  p.  m 

I  l:46p.m 

I  2:30p.m 

j  3:13p.  m, 

I  8:50 p. m 

I  4:28p.m 

i  5:31  p. m 

I  6:44 p. m 

7:40  p.  m 

8:38p.m 

10:16p.m 

37  a.  m 

54  a.  m 

54  a.  m 

17  a.  m 

11  a.  m 

7:51  a.  m 

8:41  a.ni 

9:22  a.  m 

10 :03  a.  m 

10:40  a.  ID 

11 :17  a.  m 

12:05p.m 

12:47  p.  ni 

1 :45  p.  m 

2:25p.iii 

3.06p.m 

4:00  p.  ID 

4:46p.m 

5:38  p.  m 

6:27  p.  m 

7 :15  p.  m 


12: 
2: 
3: 
6: 

7: 


Position. 


LatK 


O      I       II 

45  45  30 
45  44  30 
45  43  00 
45  31  15 
45  35  00 
45  30  00 
45  28  30 
45  26  30 
45  23  00 
45  19  00 
45  19  00 
45  17  30 

45  13  00 
45  11  30 
45  10  30 
45  11  00 

45  12  00 

45  13  00 
45  09  30 
45  07  30 
45  07  15 
45  07  00 
45  04  00 
45  04  00 
45  04  00 
45  02  00 

45  01  15 
45  00  45 
45  00  30 

44  58  30 
44  03  45 
44  03  15 

43  54  00 
43  49  00 
43  47  00 
43  42  30 
43  40  30 
43  37  00 
43  34  00 
43  31  00 
43  27  30 
43  23  30 
43  19  00 
43  13  00 
43  08  30 
43  00  00 
43  09  30 
43  10  00 
14  15 
17  30 
43  17  00 
43  17  00 
43  21  00 
43  23  00 
43  24  00 
43  25  30 
43  20  30 
43  16  00 
43  12  00 
43  06  30 
43  06  30 
43  06  30 
42  69  00 
42  58  30 
42  58  00 
42  58  00 
42  49  30 
42  48  30 
42  49  00 
42  59  3J 


43 
43 


Long.  W. 


24  02  30 
23  59  30 
23  68  15 
124  00  45 
%\  58  15 

23  59  45 

24  00  00 
24  00  15 
24  00  30 
24  02  30 
24  00  30 
24  00  30 

24  00  30 
24  00  00 

23  59  45 

24  03  30 

24  07  00 

24  10  30 
24  10  45 
24  06  00 
24  03  00 
24  00  30 
24  02  30 
24  06  15 
24  11  00 
24  13  00 

24  07  00 
24  03  45 
24  02  15 

24  04  00 
24  12  00 
24  16  30 

24  11  00 
24  14  00 
24  12  00 
24  14  30 
24  15  00 
24  16  00 
24  16  30 
24  16  00 
24  IS  00 
24  21  30 
24  25  30 
24  26  00 
24  28  00 
24  35  00 
24  42  00 
24  49  00 
24  52  00 
24  55  30 
24  42  00 
24  34  30 
24  27  00 
24  35  00 
24  42  00 
24  48  30 
24  49  00 
24  48  00 
24  47  80 
24  47  00 
24  40  00 
24  32  00 
24  36  00 
24  44  00 
24  52  30 
24  00  00 
24  00  00 
24  53  00 
24  40  00 
24  40  30 


P 


Fma. 

40 
22 
15 
25 
18 
18 
16 
21 
18 
39 
23 
19 

27 
19 
15 
34 

52 

69 
69 
49 
33 
15 
23 
51 
68 
71 

52 
27 
16 

19 
30 
42 

13 

36 

13 

28 

28 

53 

40 

11 

23 

17 

28 

27 

25 

64 

134 

165 

234 

384 

116 

64 

46 

68 

119 

326 

306. 

233 

188 

141 

91 

58 

49 

76 

120 

407 

382 

140 

114 

47 


Character  of 
bottom. 


ftie.  gy.  S... . 
fne.  gy.  S.... 

fue.gy.S 

ine.  gy.  S 

ey.  h>.  rd.  Sp  . . . 

foe.  gy.  S 

fue.gy.S 

Rky 

fne.  gy.  S 

fue.gy.S 

fne.  ok.  S 

fne.  gy.  S.  bk. 

Sp. 

'n©gy-S 

ftie.  gy.S.  yl.  M 

fue.bk.S 

fne.  gy.  S.  bk. 

Sp. 
fne.  gy.  S.  bk. 

Sp. 

fne.  gy.  8 

fne.  gy.  S 

ens.  S 

fne.  gy.  S 

fne.  gy.  S 

fne.  gy.  S 

ftiegy.S 

fne.  gy.  S 

fue.  gy.  S.  bk. 

Sp. 
bk.S 


U&..  o  .......... 

fne.  gy.  S 

fne.gj'.  S.  bk. 

^.  brk.  Sh. 
R.andSb 


XV.  lUlU  E3U 

fbe.  gy.  S 

fne. gy.S.  and 

Sb. 
fhe.  gy .  S  ..... . 

file.  gy.  S 

Aie.  gy.  S 

fne.  gy.  S 

fne.  gy.  S 

fne.g}-.S 

fne.  gy.  S 

fne.  gy.S 

fne.  gy.  S 

fue.gy.S 

ftae.  gy.  S 

ftae.  gy.  S 

Rky.  Co 

P.. 

ftie.  gy.  S 

bk.S 

bk.S 

gn.  M 

S":"*.::::::::: 

fhe.  gy.  S 


gn.  M 


^u.     .u*.    ......... 

KD.  M 

bk.  S.  andM... 
«m.  M 


gn.  M 

gn.  M 

fiie.bk.  S 

gn.  M 

gn.  M 

fne.  cv.  S 

gn.  M 

gn.  M 

gn.  M.  andP... 
Rky 


fne.  sjy.  S 

fue.gy.S.bk.Sp. 


Temperature. 

Instru- 
ment used. 

Air. 

Sur- 
face. 

Bot- 
tom. 

op. 

OF. 

OF. 

Lba. 

60 

56 

45.3 

Tanner  . . 

20 

60 

56 

Hand  lead 

14 

62 

56 

...do 

•14 

57 

52 

47.2 

Tanner  .. 

20 

57 

•  52 

48.4 

...do 

20 

57 

51 

48.5 

...do 

2U 

57 

53 

48.2 

...do 

2i) 

57 

56 

48.0 

...do 

20 

64 

50 

Hand  lead 

14 

54 

50 

40.7 

Tanner . . 

20 

57 

61 

47.2 

...do 

20 

51 

48 

47.7 

...do 

20 

51 

48 

47.7 

..  -do 

20 

51 

49 

Hand  lead 

14 

52 
52 

48 
48 

. . . do 

14 

45.8 

Tanner  . . 

20 

52 

48 

45.9 

...do..... 

20 

52 

48 

45.6 

...do 

20 

55 

60 

45.4 

...do 

20 

55 

60 

45.9 

...do 

20 

55 

60 

46.2 

...  do 

20 

55 

60 

Hand  lead 

14 

65 

50 

...do 

14 

62 

48 

46.0 

Tanner . . 

20 

52 

48 

45.5 

..  .do 

20 

64 

57 

46.2 

..  .do 

20 

55 

•  50 

46.2 

...do 

20 

55 

50 

Hand  lead 

14 

65 

51 

...do 

14 

55 

49 

47.7 

Tanner  . . 

20 

49 

51 

..  .do 

20 

40 

51 

4G.0 

...do 

20 

49 

51 

47.1 

. .  .do 

20 

50 

49 

46.7 

..  .do 

20 

52 

49 

Hand  lead 

14 

52 

49 

...do 

14 

57 

50 

...do 

14 

52 

51 

45.9 

Tanner . . 

20 

53 

49 

46.7 

..  .do 

20 

53 

49 

Hand  lead 

14 

52 

50 

48.2 

Tanner . . 

20 

54 

52    

Handlcail 

14 

54 

52 

48.7 

Tanner  . . 

20 

55 

52 

47.7   ...do 

20 

65 

52 

46.1 

..  .do 

20 

57 

50 

45.8 

...do 

-.0 

55 

51 

<4.7 

...  do 

20 

54 

52 

44.7 

...do 

20 

54 

54 

42.2 

...do 

20 

56 

57 

40.1 

Slgsbee . . 

35 

59 

59 

44.9 

Tanner  .. 

20 

1    55 

59 

46.0   ...do 

20 

51 

51 

45.8   ...do 

20 

51 

51 

45.7   ...do 

20 

5L 

51 

45.3   ...do 

20 

53 

54 

41.1   ...do 

20 

53 

54 

41.7    Sigsbeo . . 
42.7   ...do 

35 

55 

54 

35 

50 

54 

44. 2... do 

35 

56 

54 

45.2   ...do 

35 

50 

53 

45.7    Tanner  . . 

20 

66 

53 

45.9  ...do 

20 

56 

53 

45.9  ...do 

20 

i    55 

49 

45.9]. ..do 

20 

53 

51 

45.5  |..  .do 

20 

53 

51 

40.9 

Sigsbeo . . 
...do 

35 

63 

51 

39.9 

•35 

53 

51 

44.8 

Tanner . . 

20 

54 

50 

45.7 

..  .do 

20 

53 

49 

i4G.l 

\...do 

.^      -kvi 

{ 
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Mecord  of  hydrographic  soundinga  hy  the  U,  S.  Fish  CommUahn  aieamer  Albatross  from 

July  1,  18S9,  to  June  30,  i5.9i— Continued. 


aoco 

2UG7 
2U08 
21)69 
2070 
2071 
2072 
2073 
2074 
20i5 
207(5 
2077 
2078 
2079 
2J80 
2081 
2082 
2o8;i 
2084 
2085 
2UHtf 
2o87 
2088 
208'J 
2090 
2001 
2092 
2UU-J 
2901 
2095 
20'j« 
2097 
2098 
2099 
2100 
2101 
2102 

2103 
2104 
2105 
2100 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
2115 
2110 
2117 
2118 
2119 
2120 
2121 
2122 
2123 
2124 
2125 
2120 
2127 
2128 
2129 
2130 
2131 
2132 
2133 
2134 
2135 
2136 
2137 
2138 


Bate. 


12 


1889. 
Sept.  12 
. . .no  ... 
. . .  ilo  . . . 
. .  .ilo  . . . 
. .  .tlci  . .. 
. .  -do  — 
. .  .<!o  ... 
. .  .ilo  . . . 
. .  .di>  . .. 

.  .do  . .. 
. .  .do  . .. 
Sept.  13 
. .  .do  ... 
. .  .do  . . . 

. . .do 

. .  -do  . .. 

.  .do  ... 
..  d«.  ... 

• 

. .  .<lo  ... 
. .  .do  . .. 
. .  .do ... 
. . .do ... 
. .  .do,... 
...do ... 
. .  .do  . . . 
Sept.  14 
...do  ... 
. . .do  ... 
. .  .do  ... 
— do 
Oct. 
...do 
...do 
...do 
...do 
...do 


...do 
...do 
...do 
...do 
...do 
. .  .do 
...do 
. .  .do 
. .  .do 
...do 
...do 
...do 
...do 
Oct. 
...do 
...do 
...do 
...do 
...do 
...do 
;.  .do 
. .  .do 
. .  .do 
...do 
..  do 
...do 
. .  .do 
...do 
...do 
.  ..do 
. .  .do 
. .  .do 
...do 
-.do 
. . .  do 
...do 


Time  of 
day. 


5 :30  A.  m. 

6:20  a.m. 

7:57  a.m. 

10:12  a.m. 

11:11  a.m. 

11:45  a.m. 

12 :2a  p.m. 

1:00  p.m. 

l:27p.  m 

1:43  p.m. 

3:40  p.m. 

51  a.  m. 

35  a.  ra. 

18  a.m. 

02  a.  m. 

10:57  a.m. 

'11:49  a.m. 

12:34  p.m. 

1:15  p.  ni. 

1:55  p.m. 

2:52  p.m. 

3:55 

57 

52 

42 

09 

56 


7: 

8: 

0: 

10: 


IS 


4: 
5: 
6: 
7: 
8: 
9:25 
10:07 


P- 
P- 
P- 
P- 
P 


10 
11 
11 


:50 
:33 
:25 


11:59 
1:06 
1:48 
2:28 
3:16 

3:56 

4:28 

5:12 

5:28 

6:10 

6:48 

7:27 

8 :20 

9:00 

9:34 

10:20 

10:47 

11:40 

12:22 

12:51 

1:30 

2:10 

2:40 

3:11 

3:40 

4:28 

5:26 

6:16 

6:52 

7:28 

8:05 

8:56 

9:34 

10:12 

10:55 

11:50 

12:36 

1:13 

1:47 

2:42 

3:21 


m. 

m. 

ra. 

m. 

m. 
a.m. 
a.  m. 
a.m. 
a.  m. 
a.  m. 
a.m. 
a.  m. 
p.m. 

m. 

111. 

m. 


Poflition. 


P- 
!'• 
p. 


P- 

P- 

P- 

P 

P- 

p. 


m. 

m. 

m. 

ra. 

m. 

m. 
p.  m. 
p.m. 


P- 
P- 
P- 
P- 
P- 


m. 

m. 

m. 

m. 

m. 
a.m. 
a.m. 
a.  m. 
a.ra. 
a.m. 
a.m. 
a.m. 
a.  m. 
a.  m. 
a.m. 
a.  m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.  m. 
a.m. 
a.m. 
p.  m. 
p.m. 
p.m. 
p.  m. 
p.  m. 


Lat.  N. 


43  03  30 
43  04  30 
43  08  00 
43  00  00 
42  55  00 
42  53  00 
42  51  15 
42  48  15 
42  46  45 
42  45  30 
42  44  15 
42  42  30 
42  43  00 
42  43  00 
42  42  00 
42  35  30 
42  35  30 
42  35  00 
42  34  30 
42  28  30 
42  29  00 
42  29  00 
42  22  00 
42  21  00 
42  21  00 

42  21  00 

43  23  30 
43  25  00 
43  28  30 
43  32  00 
43  35  30 
42  25  00 
42  22  30 
42  13  30 
42  14  00 
42  14  00 
42  05  30 

42  04  30 
42  03  30 
42  00  30 
41  58  30 
41  58  00 
41  58  00 
41  58  00 
41  52  00 
41  50  30 
41  50  00 
41  44  30 
41  45  00 
41  38  30 
41  38  00 
41  38  00 
41  38  00 
41  32  00 
41  32  00 
41  32  00 
41  32  00 
41  32  00 
41  26  15 
41  26  15 
41  26  15 
41  26  15 
41  26  30 
41  20  00 
41  20  00 
41  20  00 
41  20  00 
41  13  00 
41  12  30 
41  12  00 
41  12  30 
41  05  30 
41  01  30 


Long.W. 


124  33  30 
124  26  30 
124  27  3a 
124  27  30 
124  32  30 
124  34  00 
124  37  OU 
124  37  45 
124  38  00 
124  38  15 
124  33  00 
124  30  30 
124  37  00 
124  42  00 
124  50  00 
124  50  00 
124  42  30 
1-24  35  30 
124  29  00 
124  33  00 
124  40  00 
124  46  30 
124  51  00 
124  44  00 
124  36  00 
124  33  00 
124  24  00 
124  27  00 
124  82  30 
124  87  30 
124  42  30 
124  82  30 
124  32  30 
124  27  30 
124  34  00 
124  41  00 
124  37  30 

124  31  00 
124  23  00 
124  20  00 
124  17  00 
124  22  30 
124  29  00 
124  36  00 
124  36  00 
124  30  00 
124  26  00 
124  20  00 
124  32  00 
124  31  30 
124  25  00 
124  17  30 
il24  12  30 
124  13  30 
124  19  00 
124  24  00 
124  30  OU 
124  35  00 
124  33  30 
124  27  00 
124  20  00 
124  13  30 
124  07  00 


124  11 
124  17 
124  24 
124  31 
124  31 


00 
30 
30 
30 
00 


124  23  ::o 

00 
00 

12i  13  00 
124  19  00 


124  17 
124  11 


P. 


Fm*. 

44 

21 

25 

17 

28 

17 

34 

29 

44 

34 

23 

26 

62 

161 

329 

492 

151 

61 

34 

35 

63 

206 

505 

230 

79 

62 

40 

59 

79 

157 

277 

39 

44 

51 

94 

273 

214 

65 

46 

21 

18 

43 

68 

261 

336 

120 

59 

80 

256 

277 

70 

38 

25 

27 

42 

58 

94 

412 

488 

80 

49 

3» 

18 

36 

52 

86 

373 

465 

107 

58 

29 

26 

75 


Character  of 
bottom. 


Temperature. 


Air. 


(i 50 

fne.gy.  S 50 


Rky 

fne.  gy.  S 

file.  gy.  S 

fne.  gy.  S 

fne.  gy.  S 

fwt^-  gy-  S 

Raudbrk.Sh. 
St.amlbrk.Sh. 

fii6.gy.  S 

bk.8..: 

fne,gj-.S 

fne.  gV.  S 

gn.  M 

{;n.  M 
»r.  M 

fne.  gy .  S 

fne.  gy.  S 

fne.gy.S 

C...T. 

bk.S  G 

bk.S 

l?n.M 

gn.M 

fne.  gy.  S 

fne.gy.S 

fne.  gy.  S 

gn.  M 

KdM 

fne.  gy.  S 

fne.  gy.  S 

bk.S 

fhe.  gy.  S 

M... 

No  bottom  ob- 
tained. 

bkS.&M 

ibe.ev.S.&M. 
fne.  ak.  gy.  S  . . 
fhe.  dk.  gy.  S  . . 

gn.M 

gn.M 

gn.  M 

gn.M 

fn.  M 
k.S 

gn.M 

g°-^ 

gn.  M 

n.M 


S 


M 

dk.  gy.  S  . 

M... 

M 

M 

C 

gn.  M  . . . 
gn.  M  . . . 
gn.M.... 
cn.M.... 
fne.  gy. 
brk.  bh 

M. 

M. 

M. 

M. 

M. 

M. 

g 


S-... 
6c  V 


gn 

gn 

gn 
gn 


fne.  gy. 
fne.  dk.  gy.  S 


S.«fcP 


gn.  M. 


50 
50 
50 
52 
52 
51 
53 
53 
54 
56 
56 
50 
50 
53 
53 
53 
52 
51 
51 
51 
52 
52 
52 
52 
53 
53 
54 
55 
56 
58 
58 
61 
61 
58 
60 

60 
61 
66 
67 
04 
58 
68 
58 
59 
59 
58 
58 
53 
58 
57 
57 
57 
57 
57 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
58 
58 
58 
58 
57 
57 
57 


Sur- 1  Bot- 
faeo.   torn. 


7    I 


op 
48 
47 
48 
48 
48 
47 
47 
47 
48 
48 
48 
48 
48 
48 
48 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
51 
51 
52 
53 
56 
67 
57 
59 
59 
69 
59 

59 
60 
62 
61 
60 
59 
59 
59 
59 
59 
57 
57 
67 
57 
56 
56 
55 
55 
55 
55 
55 
55 
56 

'56 
56 
56 
56 
56 
56 

.  58 
58 
58 
58 
56 
56 
56 


OF. 
45.8 
46.2 


47.2 
46.1 


47.7 


46.8 
47.5 
47.7 
45.7 
44.7 
40.8 
39.3 
45.7 
46.7 
46.5 
46.8 
46.9 
43.8 
39.2 
42.7 
45.4 
45.5 
46.8 
46.2 
45.7 
44.2 
41.2 
51.8 
51.8 
52.0 
47.7 
42.0 


49.5 
51.8 
54.2 
53.8 
51.3 
48.9 
42.2 
40.9 
46.7 
50.7 
47  7 
42.2 
42.7 
49.3 
52.3 
54.0 
53.8 
51.9 
49.3 
47.9 
39.6 
39.1 
48.7 
50.7 
51.8 
54.3 
51.2 
49.9 
48.7 
39.8 
39.4 
45.3 
49.7 
54.6 
52.4 
53.8 


Inatm- 
ment  used. 


:-l 


Tanner . . 

...  do  ..... 

Hand  lead 

Tanner . . 

...do 

Hand  lead 
Tanner . . 
HandleacI 
Sigsbee . 
Tanner '. 

...do 

...do 

. .  .do 

...do 

Sie«bee . 

..  .do 

. .  do 

Tanner  . 
..  .do  ... 
.. .do ... 
...do ... 
Sigflbee 
. .  .do  .. . 
Tanner 
.. .do  ... 
..  .do ... 

do  ... 

...  do  ... 
...do  ... 

do  ... 

. .  .do ... 
. . .  do  ... 
...do 
...do 
...do 
..  .do 
..  .do  — 

Sigsbee . 

Tanner . 
. .  .do  — 
...do  — 
...do  .... 
— do  ...< 
.. .do  .... 
...do  — 
.. .do .... 
. . .do  — 
.. .do .... 
.. .do .... 
..  .do  — 
..  .do  .... 
...do  — 
...do  ... 
...do ...- 

do  ...< 

..  -do  — 
...do  .-•■ 

Sinbee. 
ao .... 

Tanner  • 
...do  — 
— do  — 
...  do  — 

do  — 

.. .do  — 
...do  — 

Sicsbeo . 
..  .do  — 

Tanner . 
...do  — 
...do  — 
..  .do  — 
. .  -do  — 


U 


25 

14 

25 

25 

14 

2S 

14 

35 

25 

25 

25 

25 

25 

35 

35 

35 

25 

25 

^ 

25 

35 

35 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


20 
26 
2« 


) 
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\fdrographic  Himndinga  hy  the  U,  8.  Fitih  Commission  steamer  A Ihatroaa  from 
Jnltj  1,  1889,  to  June  SO,  i5r?i— Continued. 


Time  of 
day. 


4K)3 


50 
31 


6:11 

6:53 

7:38 

8:25 

9:17 

10. -03 

10:40 

11:26 

12:U0 

1:02 

1:48 

3:52 

4:30 

11:45 

2:17 

1:19 

10:00 

10.07 

'10. 14 

10.26 

i  1:<H) 

!  3:32 

I 

i  9:09 

9:28 

9:35 

I  9:42 

I  9:51 

;  11:00 

!ll:16 

11:26 

11:38 

11:50 

12K)1 

12.13 

12:27 

1:0U 

1:13 

1:25 

1  :J8 

1:50 

2:11 

2:21 

2:35 

2:47 

3:09 

4:42 

5:01 

5.21 

6,09 

7.02 

7:53 

8:40 

9:32 

10:21 

11  KM 

111:48 

i  12:32 

1:17 

1:57 

2:29 


P- 
P- 
P- 
p. 
P 


p.  n. 
1>.  m. 
p.m. 
p.  m. 

in. 

m. 

m. 

m. 

m. 
p.m. 
p.  m. 
a.m. 
iLm. 
a.m. 

p.  m. 
p.m. 
a.m. 
p.m. 
p.  m. 
a.ra. 
a.m. 
a.  m. 
a.  m. 
p.  m. 
p.m. 

a.m. 
a.  91. 
a.ro. 
a.  ro. 
a.m. 
a.m. 
a.  m. 
a.m. 
a.  UK 
a.m. 

m. 

m. 

m. 

m. 

m. 

m. 
p.m. 
p.  m. 
p.m. 
p.  111. 
p.  m. 
p.m. 
p.  m. 

m. 

m. 

m. 

m. 


PoHition. 


P- 

p. 

p. 

P- 

P 

P- 


P- 
p. 
p. 
P- 


P- 
P- 
p. 
P- 
P- 
P- 
P- 


m. 

m. 

m. 

m. 

m. 

m. 

m. 
a.m 
a.m. 
a.m. 
a.  111. 


:18  a.  m. 
:21  a.  m. 
:59  a.m. 
:27  a.m. 
:51  a.m. 
:40  a.ta. 
:05  a.  m. 
:34  a.  m. 


LatN.    Long.W. 


41  03  30 
40  57  13 
40  57  00 
40  5G  (H) 
40  50  15 
40  50  00 
40  SO  00 
40  44  30 
40  43  00 
40  43  00 
40  37  30 
40  30  00 
40  32  00 
40  20  00 

37  18  50 
87  10  00 
87  05  00 
30  55  00 

36  58  00 

37  47  55 
37  47  50 

87  47  45 
37  47  35 
37  47  30 

37  48  30 

38  00  00 
38  01  00 
38  01  05 
38  01  10 
38  01  15 
38  01  35 
38  01  45 
38  OG  45 
37  59  40 
37  59  20 
37  58  55 

37  58  50 

38  00  40 
38  02  45 
38  02  25 
38  02  00 
38  01  40 
37  50  45 
37  58  45 
37  57  45 
37  58  00 

37  58  20 

38  CO  10 
38  02  15 
38  04  25 
38  06  15 
38  17  00 

88  15  40 
38  20  30 
38  25  lU 
38  30  00 
38  34  50 
38  39  10 
38  44  00 
38  48  30 
38  52  5  J 
38  57  10 
38  55  50 

38  53  30 
38  48  00 
88  49  30 
38  51  00 
38  52  25 
38  47  15 
38  46  00 
38  44  uO 


24  26  00 
30 
00 
24  14  00 
24  15  00 
24  22  00 
28  00 
30 
00 

24  22  00 
24  25  00 
24  31  00 
24  34  00 
24  40  00 


24  25 
24  20 


24 
24  33 
24  27 


22  28  30 
22  25  50 
10  00 


22 

22  17 
22  21 


23 
23 
23 
23 
23 


00 

00 

10  00 

10  50 

11  10 
11  00 
19  00 

23  30  20 

23  22  20 
23  24  18 
23  24  55 
23  25  40 
23  26  15 
23  26  50 
23  28  00 
23  28  30 
23  28  55 
23  27  45 
23  26  35 
23  26  10 
23  25  55 
23  27  35 
23  26  20 
23  25  05 
23  23  50 
23  24  25 
23  25  00 
23  25  15 
23  26  35 
23  27  45 
23  27  00 
23  27  30 
23  28  00 
23  29  00 
23  30  00 

23  31  30 
23  32  50 
23  34  25 
23  35  40 
23  37  00 
23  38  30 
23  40  OU 
23  42  00 
23  40  00 
23  48  30 
23  52  00 

23  57  35 
23  55  50 
23  52  20 
23  49  00 
23  45  30 
23  40  30 
23  44  00 
23  47  10 


o 


Fms. 

268 

182 

65 

30 

36 

70 

254 

294 

50 

27 

23 

355 

65 

027 

21 

10 

17 

122 

97 

37 

39 

45 

29 

324 

900 

60 
39 
35 
37 
30 
40 
56 
65 

139 
73 
56 
34 
33 
44 
42 
47 
57 
41 
39 
45 
67 

231 
36 
47 
84 

180 

269 


Cbarocter  of 
1)ottom. 


gii.  M 

eii.  M  — 
fiift.  gy.  S. 


Tnmperatiire. 


fi" 


M 

M 

M 

fiio.dk.  j;y.  S  .. 

bk.8.'&M  .'!!*.. 
gii.  M 


flno. bk.  S.... 
brk.  Sh.  R... 

Kky.  8h 

bk.  S.  M 

crfl.  bk.  S.  M. 

Sh 

Rky 

Sh.  &Rky... 

Rky 

R.  &C 

gn.M 


S.  Sh 

R 

Kky 

Rky 

Rky.  Co 

Rky 

cr8.bk.S.brk.Sh 
gy.S.lJ.brk.Sh. 

G.brk.Sh 

R 

brk.  Sh 

R.C0 

Rky 

R.C0 

R.Co 

Rky 

yLS 

yis 

R.C0.&S 

Yl.S 

R.yl.S 

M. 

R.Co 

Rky 

(i 

fne.|(v.S.bk.Sp. 


246  irn.  M 

180  Si  .... 

134  !  M.... 

121  M  .... 


8M 
78 
66 
58 
51 
55 
07 

189 
486 
91 
69 
49 
55 
00 
00 


M... 
iM  . . . 

M... 

gii.M. 
Kky. 
bk.  S . 
bk.S. 


br.M.. 

M....: 

bk.  S . . 

M 

hnl.  M 


K.  CD.  M 

L'II.W 

bk.S 


ah. 


Air. 

o  p 

57" 

57 

57 

57 

57 

50 

55 

50 

50 

50 

50 

56 

5« 

5« 

55 
60 
55 
50 
57 
53 
53 
53 
53 
52 
52 

51 
51 
51 
52 
52 
52 
52 
52 
52 
55 
55 
55 
54 
54 
54 
54 
54 
54 
57 
67 
57 
57 
54 
52 
52 
52 
51 

51 
51 
50 
50 
50 
50 
50 
50 
40 
49 
49 

40 
49 
49 
49 
49 
50 
50 
50 


Snr|  Bot- 
face.  torn. 


OF. 
56 
56 
56 
56 
52 
52 
52 
50 
56 
50 
55 
55 
55 
55 

53 
53 
54 
55 
55 
53 
53 
53 
53 
53 
53 

51 
51 
51 
52 
52 
52 
52 
52 
52 
55 
55 
56 
55 
55 
55 
55 
55 
55 
55 
65 
55 
55 
55 
55 
52 
52 
52 


52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
51 


61 
50 
51 
51 
50 
51 
51 
51 


A'l.i 

44.1 
49.0 
53.8 
50.2 
4K.2 
42.1 
41.7 
49.2 
53.3 

41.7 
48.9 
38.7 

52.8 


47.8 
47.6 
62.0 
51.3 
50.8 
61.4 
42.0 
36.8 

49.7 
51.2 


51.3 
51.3 


Instrn-    1  ^ 


mentused.'  Sifa 

1^ 


Siffsbee 
. . .do  ... 

Tanner 
. .  .do ... 
...do  ... 
. . . do  . . . 

Sigsbee 

Tanner 
...do  .. . 
...do  — 
. .  .do  . . . 
..  .do  ... 

SiffMbeu 
...do  ... 


Tanner . 
Hand  lead 
. .  do  . . . . . 
Tanner . 

. . . do 

.  ..do 

...do 

...do 

— do .... 

. . .  do . 

Sigsbee 
K0.2. 
Tanner . 
...do .... 


42.5 

42.9 
44.9 
47.9 
47.1 
46.7 


47.4 
47.9 
47.9 
48.9 
47.9 

44.9 
39.5 
47.3 
49.4 


48.3 
47.1 
46.7 


...do... 
— do  — 
. . .do  ... 
...do... 
. .  .do  .. . 
— do  .  . . 
...do... 
...do... 
...do  ... 
...do... 
...do... 
...do... 

. . .do 

...do... 
...do... 
.  ..do  . . . 
. . .do  . . . 
...do... 

. . .  do 

...do 

.  ..do 

...do 

...do... 
. .  .do 

Sigsbee 
5*  o.  2. 
...do  .. . 
. .  .do  ... 
. .  .do  . . . 
. .  .do 

Tanner 
..do... 
...do  .. . 
...do  ... 
...do  .. . 
...do  ... 

Sigsliee 

No.  2. 

...do  ... 

...do  ... 

. .  .do  .. . 

Tanner 
..  do... 
...do  .. . 
..  .do .. . 
...do  ... 


IM. 
35 
35 
26 
26 
20 
20 
35 
26 
20 
26 
20 
26 
;{5 
35 

20 
14 
12 
25 
25 
25 
25 
25 
25 
25 
38 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
38 

38 
38 
38 
38 
25 
25 
25 
25 
25 
25 
38 

38 
38 
38 
26 
25 
25 
25 
25 
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liecord  of  hydrographio  noundings  by  ike  U,  S.  Fish  Commission  sieami'v  Albairostfr 

July  1,  iS89,  to  June  r.O,  1891— Cout'inneil. 


o 


Date 


I 


2210 

2211 
2212 
2213 
2214 
2215 
2216 
2217 
2218 

2210 
2220 
2221 
2222 
222;{ 
2224 
2225 
2220 
2227 


1890. 
Mar.  2' 

. .  -do  ... 
. .  -do  .. . 
. . .  do  . . . 
Mar.  28 
...do  . . . 
...do  .. . 
. .  .do  ... 
. . .do  ... 


.do  . 
.do  ., 
.do  .. 
.do  ., 
.do  .. 
.do  ., 
.do  .. 
.do  . 
.  du  . 


2228  ...do 

2229  1  Apr. 


\ 


2280 
2231 
2232 
2233 
2234 
2235 
2236 
2237 
2238 
2230 
224U 

t 

2241  > 

2242  ' 
2243 
2244 
2245 
2240 
2247 

2248 
2249 

2250 
2251 
2252 
2253 

2254 
2255 
2250 
22:.7 
2258 
2259 
226U 
2201 

2282 
220:1 
2204 
2205 
22(K) 
2267 

22C8 
226*) 
2270 
2271 
2272 
2273 
.2274 


Time  of 
day. 


7:^0  a.  111. 

8 :00  n.  in. 
9:15  a.  III. 
9 :40  a.  III. 
5:42  a.  m. 
6:33  a.ni. 
7  :I4  a.  lu. 
7 :38  a.  m. 
8:3 1  a.m. 


9:05 

9:49 

10:25 

10:37 

11:17 

.  11:47 

.  12:27 

1:08 

2:02 


a.  m. 
A.m. 
a.  in. 
a.iu. 
a.ni. 
a.  m. 
p.  ni. 
]>.  III. 
p.m. 


5:16  p.m. 
2  11:45  p.m. 


3 


Apr. 
...do 
...do 
. .  .do 
...do 
...do 
.  ..do 
.  ..do 
.  ..do 
...do 
.  ..do 

...do 
— do 
..  .do 
...do 
Apr. 
...do 
. . . do . 


Apr.  5 
. .  .do  . . . 

...do  .. . 
. .  .do  . .. 
. .  .do  . . . 
. . . do  . . . 

. . .do  ... 
.  ..do  ... 
.  ..do  ... 
. . .do  ... 
. .  .do  ... 
. .  -do  . .. 
Apr.  6 
. .  .do  . .. 

. .  .do  . .. 
. . .do  — 
. . .do  ... 
.. -do  ... 
.  .do  ... 
. .  .do  . .. 

. .  .do  ... 
...do  .. . 
. .  .ilo  ... 
.  ..do  ... 
.  ..do  ... 
—  do  . . . 
...do  ... 


12:45  a.m. 

2 .20  a.  111. 

3:22  a.m. 

4:14  a.  m. 

5:08  b.  ro. 

0 :0d  a.  m. 

6 :36  a.  m. 

7 :04  a.  m. 

9 :22  a.  m. 
11 :58  a.  m. 
12:14  p.m. 

8:14  p.m. 

9:06  p.m. 

9 :59  p.  m. 
U  :31  p.  m. 

0 :55  a.m. 

8:40  a.m. 
10 :35  a.  m. 

6:38  a.  m. 
7 :06  a.  m. 

11:12  a.m. 
1 :54  p.  111. 
2:27  p.m. 
3:15  p.  111. 

7:36  p.  in. 

« :26  p.m. 

9:11  p.m. 

9:55  p.m. 
10:22  p.m. 
11:19  p.m. 
12 .07  a.  III. 
12:38  a.  m. 

1 :35  a.  m. 
2:17  a.  m. 
2:45  a.m. 
3:01a.  111. 
8 :21  a.  in. 
4 :48  a.  m. 

7 :55  a.  in. 

8:43  a.m. 

9  :40  a.  m. 
lt):17n.  m. 
10 :45  a.  m. 
11:40  a.m. 
12:23  p.m. 


Position. 


L;it.  X.     Long.  W.       « 


O      II      I  o 

r!8  4  i  OJ    123  49  00 


38  43 
3H  38 


20 
40 

30  ao 


25 
00 


34 

34 

34  30  40 

34  31  10 

84  31 

34  20 


50 


yo 


3G  00  00 
36  02  30 
36  07  10 
36  09  40 
30  11  00 
30  1.1  05 
::c  15  OJ 


38 
38  37  45 
38  35  45 
38  32  45 
38  31  30 
38  26  00 

38  27  00 
38  29  40 
38  32  00 
88  32  50 
38  28  30 
88  25  40 
38  33  00 
38  20  00 
38  14  00  ! 

38  18  15  ; 
36  56  30  I 

36  51  40  I 
30  47  30  I 
86  43  20  j 
36  39  20 
36  34  00 
86  33  30 
36  32  35 
36  32  30 
36  27  20 
36  19  00 
30  19  20 

30  04  00 
35  59  00 
35  55  15 
S5  50  50 
35  39  30 
35  36  05 
35  32  15 

3.'i  30  50 
35  2:)  20 

35  18  50 
35  08  40 
35  09  50 
35  04  00 

34  58  30 
34  51  40 
34  45  30 
34  46  00 
34  40  15 
34  37  30 
34  86  00 
34  34  50 


23  51  00 
2:{  40  30 
23  44  OJ 
23  30  00 
'2J  34  15 
23  39  30 
23  42  00 
23  37  00 

23  35  0.) 
23  2^  45 
23  25  3 ) 
23  24  30 
23  19  00 
23  24  00 
23  2)  OJ 
23  34  00 
23  30  00 

23  2.'i  50 
22  24  40 

22  24  00 
22  20  10 
22  16  2o 
22  12  5J 
22  07  30 
22  04  00 
22  02  00 
22  00  OU 

21  58  00 

22  00  00 
22  05  00 


20 
20 
21  37  20 
21  3J  00 
21  28  00 
21  22  00 
21  JO  00 


21  45 
21  40 


I   r 


21  11  00 
21  13  20 

21  05  00 
21  02  00 
20  58  00 
20  57  30 

20  58  00 
20  54  30 
20  55  00 
20  49  SO 
20  45  35 
20  45  00 
20  50  40 
20  50  05 


20  50  00 
20  47  25 
20  44  55 
20  43  20 
20  42  00 
20  40  20  I 


182 

142 

133 

62 

47 

44 

158 

274 

312 
242 
139 
07 
53 
174 


Fm*. 
143 

249 
314 
103 
58 
82 
128 
314 
273 

113 

82 

67 

60 

54 

74 

107 

242 

518 

124 

208 

921 

800 

620 

739 

958 

575 

450 

240 

59 

62 

99 

426 
420 
342 
240 
271 
144 
108 

113 
191 

146 
224 
119 
143 


21  38  10 

209 

21  41  00 

346 

21  4:{  00 

228 

21  45  30 

356 

21  47  00 

181 

Jl  52  15 

101 

_1  57  50 

36 

Character  of 
Ixittoiu. 


Temperature. 


Air. 


M 


M.... 
bk.  S . 
bk.  S . 
gn.M. 
pn.M. 
bk.8. 
gn.M. 
gu.M. 


OR 
50 


bk.S 

PS 
jr.  M 

br.  M. 

br.  il . 

bk.S. 

M... 

:>!.... 

gii.M. 

gn.M. 
gu.M 

Lr.M. 

br.M. 

br.M. 

M.... 

gn.M 

rn.M 


R. 


g 


gn.  M 

fmi.gy.  S. 

cr8.S 

a 


br.  M 
br.M. 
br.  M 
br.M. 
gn.M 


gn.M 


M... 

gn.M 


gn.  M 

gn.  M.  Kky. 
g".  M 


gu.  \i  ... 
gn.M... 

Sn.  M  ... 
.M  .... 
m.  M.  K 


fi" 


and  M 


M.  anil  S 


gn.  M  . . . 

S?:."::: 

bk.S.M. 
bk.S.M. 
gn.M.... 


gn.  M.  R. 

Si 

M.  and  (i 
M 

S.M 

fue.  gv.  S  . 
Rkv     ... 


51 
50 

53 
50 
50 
55 

54 
54 
54 
54 
54 
54 
54 
54 

54 
54 
54 
53 
52 
53 

67 
07 
6:t 
61 
61 
01 
60 


Sur- 
face. 


OF, 
51' 


51 
50 
48 
48 
40 
4?» 
51 

51 
51 
51 
51 
52 
52 
52 
51 
52 


52 

51 


51 
51 
51 
51 
51 
51 
51 
51 
5J 
■M 
55 

53 
52 
52 
52 
53 
64 
55 


I 


Bot 
torn. 


OF. 
45.4 


Inotrn- 
lUfiit  uiied. 


50  !  51  I  42.9 


M 
51 
51 
50 
5J 
50 
51 

51 
51 
51 
51 
52 
52 
52 
52 
52 


46.0 


46.0 
41.6 
43.0 

40.2 

I  48.4 

147.5 

48.0 

48.5 

,48  5 

I  47.5 

42.8 

39.3 


52    45.0 
52     43.0 


52 
52 

r.2 

52 

52 
52 
52 
51 
52 
52 


53 
53 
5:1 
5i 

54 
53 
52 

51 
51 

52 
54 

54 


53 
53 
51 
5( 
54 
54 
64 
54 

54 
64 
54 
52 
53 
62 

01 
61 
66 
64 
64 
.'ij 
54 


30.9 
a7.0 
38.1 
37.9 
37.4 
39.0 
39.9 
42.0 
46.0 
46.5 
47.2 

40.1 

40.1  , 
41.7  I 
43.5  1 
42.5  ! 

46.2  I 
44.2 

] 

43.9 

44.9 
43.0 
4.").0 
45.0 

44.7 
4:».9 
46.0 
47.0 
48.9 
49.0 
45.6 
42.3 

41.0 
42.2 
46.4 
48.0 
48.7 
46 

41.8 
43.8 
42.9 
41.1 
44.7 
40.7 
4U.3 


Signbee 
No.  2. 

— do 

■  ■  •'•IF    •  •  ■ •  • 

Tanner . . 

...do 

...do 

. .  .do 

. .  .do 

SigAbc'e 

Nil.  2. 

. .  do 

Tanner . . 

..  .do 

. .  .do 

.  .do 

. .  -do 

. .  -do 

■  >  ■  ttw   ■  ■  •  •  * 

Sigsbeo 

No.  2. 

Tanner.. 

Sigsbce 

No.  2. 

. . . do 

. . . do 

■  •  ■  ilO  ■  •  •  •  • 

. .  .do  ....< 

.   .  do 

. .  .do .... 

...do 

Tanner . 

...do 

. . .  do  .... 
Higsbce 

No.  2. 

. .  .do 

. .  .do 

. .  .do 

. .  .do 

.  ..do 

Tanner  . 
Stgsbee 

No.  2. 

Tanner. . 

Slg«be« 

No.  2. 

. . . do 

. . .do  .   .. 

Tiiuiior . 

SigHb«e 

No.  2. 
. .  .do  .... 

...do 

. .  .do 

Tanner . 

...do 

..do 

. . .do 

Sigflbee 

No.  2. 

. .  .do  — 

. .  .do  . — 

Tunner . 

. . .  do  .... 

..do   ... 

Sigsbce 

No.  2. 
Tanner . 
. .  .do  — 

. . . do 

...do  — 

. .  .do  — 

.  .d>»  — 

...do  — 


:l 


INVESTIGATIONS   OP   THE   ALBATROSS. 
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Jtccordof  hifdrographic  aoundinga  hy  the  U.  S.  FUh  Commission  steamer  Albatross,  from 

July  i,  1SS9,  to  June  SO,  7557— Continued. 


U 


Ddt«. 


Time  of 
day. 


2273 


xm. 

Apr.  11 

22:7 '...do.. 
^H  1  Alay  21 
2279  i  May  22 

j«)!...«fo... 

221a  !...do... 
Hay  23 
..(fo... 


2:288 
Wa 
2»5 

2*7 

2288 

2989 

2290 

2»1 

3392 

22M   ( 

22»5 
23(1    ' 
2297 

rjsg 

229» 
23(0 

2301 

2303 

230ft 

2305 

2306 

2W 

230B 

2»)9 

2310   ' 

2311 

2312 

2313 

2314 

2315 

23in 

2317 

231g 

2319 

2320 

2321 

2322 

2323 

2324 

2325 

2328 

2327 

2328 

2329 

2330 

2331 

2332, 

233:1 

23:(4 

2335 

2330 

tXTt 

2:c« 

2:)39  i" 


..do  ... 
-.do  ... 

•  .do  ... 
..do  ... 
■  .do  ... 
Xov  28 
. -ifo  . . . 

. .  .do  . . . 
■..do  ... 

..do  ... 

..do  ... 

..do... 
...do  ... 

..do  ... 

•  do  . . . 
May  29 

..do  ... 
..do  ... 
.  .do  . . . 
.  .do  . . . 
..do... 
.  do  . . . 
.  .do  . . . 
.  .do  . . . 
..do  ... 
.  .do  . . . 
..do  ... 
..do  .*. . 
.  .do  - . . 
.  -do  . . . 

.do  - . . 
May  30 
.-do  ... 

.do  ... 

■  -  do  ... 

■  ■  do  . . . 

■  -.do  ... 
...do  ... 

do  ... 

•  -do  . . . 
■•-do  ... 

•do  . . . 

•  do  ... 

■  do  . . . 
•do  ... 
do,.. 

•  -Uo  . . . 
■do... 

•do  ... 

•  -do  . . . 
-  do  ... 

•  -do  . . . 
•do  ... 

2341  r*-**" 


5: 
6: 


Position. 


Lat.  N. 


2342 
2343 

544 
2*47 


■do ... 

•  -do  • .. 
-do ... 

-■do  ... 
•do  ... 

•  do  . . . 
-  -do  . . . 


0:30  a.m. 

11 :26  a.  in. 

2  :2op.  Di. 

1 :35  p.  m. 

9 :00  a.  m. 

6:17  p.  111. 
II  :43  p.  m. 

1 :22  a.  in. 

3 .03  a.  m. 
;17  a.  m. 
:33  a.  m. 
10:03  a.  ni. 

2 :5i  p.  ni. 

4 :49  p.  m. 
11:25  a.  Di. 
12 :08  p.  ni. 
12:48  p.m. 

1 :14  p.  m. 

2:11  p.ni. 

2:49  p.m. 

3:11  p.m. 

3 :55  p.  m. 

4:45  p.m. 

5 :23  p.  m. 

6 :58  a.  m. 

8:16  a.m. 

9 :49  a.  m. 
10 :40  a.  m. 
11:06  a.  m. 
12:16  p.m. 

2 :00  p.  m. 

2 :46  p.  m. 

3 :10  p.  m.  I 

4 :21  p.  m. 

5  :U2  p.  m.  j 

5 :40  p.  m.  j 

6 :20  p.  m.  I 

7 .02  p.  m.  I 

7 :35  p.  m.  i 
:16  p.  m. 
:36  p.  m.', 
25  a.m. 
12 
30 
53 

7:25 

8:U0 

8:53 

9:30  a.m. 
10:20  a.m. 
10:40 
12:00 
12:40  p.m. 
12:58  p.m. 

1:30  p.m. 

2:44  p.m. 

4:07  p.m. 

5:51  p.m. 

7:03  p.m. 

7:53  p.m. 

8:39  p.m. 

8:58  p.m. 
10:15  p.m. 
10 :32  p.  m. 

4:06  a.m. 

4:46  a.m. 

5:27  a.m. 

6:22  a.m. 

7:07  a.m. 

7 :31  a.  m. 

7 :47  a.  m. 

8:40  a.m. 

9:10  a.m. 


o  /  " 
36  42  50 


30  45  45 
3G  45  40 
54  02  25 
54  15  00 
54  3(  00 
54  55  40 

54  58  30 

55  00  50 
55  00  00 
54  59  00 
54  49  20 
54  23  45 
54  09  20 
54  27  00 
54  29  80 
54  28  20 
54  31  40 
54  34  80 
54  89  00 
54  41 
54  47 


55 
55 


8: 

8 

4: 

5: 

5: 

0: 


a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 


a.m. 
m. 


15 
30 
54  57  40 
54  57  30 
54  54  45 

54  59  00 

55  03  10 
55  03  50 
55  04  15 

10  00 
16  10 
55  22  00 
55  27  40 
55  32  30 
55  36  40 
55  S9  45 
55  42  45 
53  40  15 
55  48  15 
55  51  00 
55  52  00 
55  54  40 
55  57  00 

55  59  40 

56  01 
56  01 
56  01 
56  02  45 
56  04  15 
56  04  15 
^04  00 
56  09  15 
56  12  O'J 
56  14 
56  18 
56  25 
56  33  20 
56  42  20 

30 
30 
56  52  W 

56  54  00 

57  02  45 
57  05  00 
57  08  30 
57  13  30 
57  19  00 
57  24  30 
57  29  30 
57  32  00 
57  34  50 
57  38  00 
57  40  00 


00 
30 
40 


15 
00 
40 


56  46 
56  48 


30 
30 


Long.  W 


122  04  10 

122  04  40 
121  58  05 

102  50  30 

164  53  00 

165  37  00 

166  06  00 
166  24 
166  41 

166  59  00 

167  17  00 
167  10  00 
166  38  30 
166  28  00 
165  18  00 
165  10  00 
165  08  00 
165  09  00 
164  55  45 
164  51  00 
164  48  30 
164  46  00 
164  36  50 
104  31  20 
164  19  30 
164  05  85 
163  49  30 
163  37  80 

103  30  45 
163  13  45 
163  01  30 
162  53  30 
162  44  15 
162  38  00 
162  30  20 
162  24  00 
162  18  00 
162  12  00 
162  07  15 
162  01  00 
161  58  00 
161  51  40 
161  45  00 
161  35  45 
161  26  00 

16  45 
12  30 
161  03  30 
160  55  20 
160  46  00 
160  43  45 
160  30  30 
.60  23  15 
160  21  15 
160  18  00 
160  06  20 
159  49  30 
159  25  20 
159  08  30 
158  58  80 
158  51  00 
158  48  30 
158  40  30 
158  39  00 
158  36  15 
158  32  00 
158  25  30 
158  19  30 
158  13  30 
158  09  00 
158  06  00 
157  57  00 
157  5:l  00 


161 
161 


P. 


Fms. 

881 

519 
06 
271 
42 
178 
80 
81 
80 
88 
117 
186 
320 
593 
99 
47 
45 
32 
24 
30 
28 
34 
31 
18 
16 
12 
15 
16 
11 
15 
14 
13 
16 
22 
23 
22 
20 
16 
17 
15i 
1:1. 
16 
16 

16 
14 

12 
12 
13 
11 
12 
14 
13 
13 
11 
13 
16 
18 
14 
12 

9 
11 
10 
12 
i:j 
19 
19 
16 
15 
14i 
13 
10 

71. 


Character  of 
bottom. 


Rky. 


gn-M 

bk.  S.  R  .. 
M.S.P... 
K.  brk.  Sk 

bk.S 

yl.M 


M 

Sh 

S.Sh 

gu.M 

irn.M 

bk.S 

bk.S 

)k.S.brk."sh.'." 

bk.S 

bk.S..^ 

G 

bk.P 

fne.  bk.  S 

bk.S 

Kky 

fne,  (J 

file.  bk.  S 

ftie.  bk.  S 

S 

fne.  gy.  S 

bk.G 

ftae.gy.S.bk.Sp. 

fne.  gv.  S 

Kky.  brk.  Sh... 

(l.brk.  Sh 

fne.  bk.  S 

Rky.Sh 

P.bk.S 

a 

R 

bk.  S.brk.Sh.. 

G.  brk.  »h 

bk.S 

bk.S 

bk.S 

bk.S 

era.  bk.  S 

fne.  br.  S 

era.  S.  and  G  . . 

fne.  G 

fne.  gv.S 

fne/bk.S 

cra.bk.  S 

bk.S.  G 

G 

bk.G 

bk.G 

bk.G 

gy.s 

fne.  a  V.  S 

fne.  bk.  S 

fne.  gy.S.bk.Sp. 
fne.  gv.S.bk.Sp. 

fne.  bk.S 

bk.S.G 

UK.  N.  Lr....  ... 

bk.S.G 

fne,  ^y.  S.  G  . . . 
fne.  gy.  S.  G  .  - . 
fni'.  gv.  S.  G  . . . 

^y-S?" 

gy-^ 


Temperature. 


Inatni- 
ment  uaed. 


5( 
54 
44 
41 
39 
38 
39 
38 
30 
30 
38 
38 
38 
42 
42 
42 
42 
41 
41 
41 
41 
41 
40 
45 
44 
44 
44 
44 
42 
44 
44 
44 
44 
44 
44 
44 
45 
44 
45 
45 
41 
42 
41 
41 
43 
43 
43 
43 
43 
44 
44 
44 
48 
40 
47 
47 
45 
45 
45 
44 
44 
44 
44 
44 
44 
44 
43 
42 
43 
42 
43 
43 


52 
&( 
44 
42 
43 
42 
43 
41 
41 
41 
43 
43 
42 
44 
43 
45 
43 
42 
42 
42 
42 
42 
44 
44 
44 
44 
44 
44 
44 
46 
46 
45 
45 
47 
45 
45 
45 
45 
45 
45 
42 
43 
42 
42 
43 
43 
43 
41 
44 
43 
45 
45 
40 
48 
40 
42 
41 
44 
44 
43 
43 
42 
42 
43 
43 
43 
43 
43 
43 
43 
42 
43 


Sigabee, 

Sfo.2. 
...  do 

Tanner  .. 

SigMbee  . . 

Tanner . . 

— do 

..^lo 

...do 

...do 

...do 

•  •   •  lt%J    •  •  ■  ■  I 

Sigabee . 
...do  .... 
. .  do 

Tanner  .. 


.  I. 


41 


-  r 


I  — 


39 


o   . 


Lbs. 
38 

38 
25 
35 
25 
25 
25 
25 
25 
25 
25 
35 
35 
35 
28 
28 
28 
28 
!» 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
12 
12 
12 
12 
12 
12 
12 
12 
28 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
28 
12 
12 
28 
12 
12 
12 
12 
12 
12 
12 
28 
28 
12 
12 
12 
12 
12 


I 
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Record  of  hydrographie  aoundinffs  htf  the  U.  S.  Fith  Commission  steamer  Albatross  from 

July  2,  1S89,  to  June  SO,  25W— Continued. 


"3 

3^ 


2348 
2349 
2K0 
2351 
2352 
2353 
2354 
2355 
2356 
2357 
235R 
2359 
2:t60 
23G1 
2:i«2 
2363 
2304 
2365 
2366 
2;J67 
23G8 
2369 
2370 
2371 
2372 
2373 
3374 
2375 
2376 
2377 
2378 
2379 
2380 
2381 
2382 
2:)83 
2384 
2385 
2386 
2387 
2388 
2389 
2390 
2:19] 
2392 
239:) 
2394 
2395 

2:)96 

2397 
2398 
2399 
2400 
2401 
2402 
2403 
2404 
2405 
2406 
2407 
2408 
2409 
2410 
2411 
2412 
2413 
2414 
2415 
2416 
2417 
2418 
2419 
2420 
2421 
2422 


Bato. 


9 


_  [ 


1890. 
May  31 

. .  .CIO  . . 

. .  -do  .. 
. . .  ilo  . . 
...do  .. 
...do.. 
May  31 
...do .  * 
...do  .. 
...do  .. 
..  .do  .. 
...do  .. 
. . .  do  . . 
...do  .. 
..  .do  . . 
Juno  2 
...do  .. 
— do  . . 
. .  .do  . . 
. .  .do  . . 
June  7 
June  8 
...do  .. 
...do  .. 
..  .do  . . 

do  .. 

June 
...do  . .. 
June  13 
Juno  14 
.. .do  ... 
...do  ... 
June  16 
...do  ... 
June  24 
— do  ... 
— do  ... 
— do  .. . 
..  .do  ... 
. .  .do  . . . 
. .  .do  . . . 
June  25 
...do  ... 
...  do  . . . 

do  ... 

..  -do  ... 
. . . do . . . 
...do... 
— do ... 
June 26 
Juno  27 
. . .do  . . . 
..  .do .. . 
June  28 
— do . .. 
. .  .do  . . . 
...do  ... 
...do  ... 
...do  ... 
. . .do  . . . 
. .  .do  . . . 
. . -do  . . . 
June  29 
. .  .do . .  ■ 
...do ... 
...do... 
...do ... 
July  16 
. . .do  — 
..  .do  ... 
. . .do  ... 
...do  ... 
July  17 
...do  ... 
.. .do  ... 


Time  of 
day. 


Poaition. 


LatN. 


9:42 

10:14 

10:40 

11:12 

11:36 

11:57 

12:20 

12:28 

1:15 

2:20 

3:00 

8:45 

4:00 

4:17 

5:17 

6:25 

6:50 

6:52 

7:24 

7:42 

11:15 

12:39 

3 :02 

2:52 

3:15 

3:32 

10:01 

11:03 

7:40 

12:16 

2:17 

10:30 

12s35 

2:52 

2:48 

10:06 

1:32 

4:35 

9:43 

10:14 

11:36 

1:16 

2:48 

4:15 

0:59 

1:43 

3::M 

4:17 

6:34 

2:16 

3:08 

6:28 

10:37 

12:03 

1:29 

I  2:50 

8:11 

11:58 

!  3:46 

7:12 

10:42 

11:58 

1:35 

2:58 

6:34 

9:59 

3:11 

4:30 

5:59 

6:57 

8:55 

10:35 

12:16 

2:06 

3:29 


a.  m. 
a.  ni. 
a.  in. 
a.m. 
a.  m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.  m. : 
p.  m. : 
p.  m. ; 
p.m. 
p.  m. 
p.m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.m. 
p.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 
p.m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.  m. 
p.m. 
p.  m. 
a.m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.m. 
p.  m. 
p.  m. 
p.m. 
p.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.m. 
p.  m. 
p.  m. 
p.m. 
a.m. 
a.m. 
a.m. 
a.  m. 
p.m. 
p.  m.  I 
p.m. 
p.  m. ' 
p.m. 
p.m. 
a.m. 
a.  m. 
a.nL 


15 
15 


oil' 

57  44  00 
57  48  40 
57  5*2  40 

57  67  00 

58  00  40 
58  03  40 
58  07  00 
58  08  40 
58  14  00 
58  22  20 
M  27  10 
58  32  00 
58  34  00 
58  35  00 
58  30  00 
58  40  45 
58  40  30 
58  40  30 
58  39  00 
58  37  45 
58  07  W) 
58  12  00 
58  18  40 
58  40  00 
58  42 
58  44 
58  28  30 
58  35  30 
58  18  30 
.''18  00  00 
57  49  50 
56  05  00 
65  52  30 
55  87  30 
54  40  30 
54  37  40 

64  46  00 
54  5(>  30 
54  54  00 
54  63  15 

54  59  00 

55  08  46 
:m  18  30 
55  25  00 
55  14  00 
55  34  30 
55  38  00 
55  33  30 
55  23  40 
55  21  :K) 
55  36  15 
55  37  45 

55  51  10 

65  67  45 

56  05  15 

65  68  30 
50  06  15 
56  10  00 
56  33  45 
56  20  30 
56  06  30 

66  10  45 
66  17  20 
56  24  10 
56  38  30 
56  21  15 
50  10  15 
66  04  30 
50  09  45 
66  14  15 
66  22  00 
56  29  30 
50  36  30 
56  44  15 
66  62  16 


Long.  W, 


o  '  // 

157  52  30 
157  49  00 
1.j7  46  30 
157  43  00 
157  41  00 
l.'>7  40  00 
157  41  30 
157  42  00 
157  44  00 
157  42  00 
157  39  00 
157  33  00 
157  31  00 
157  28  30 
157  19  30 
157  16  20 
157  21  30 
157  22  30 
1.57  24  00 

157  26  30 

158  54  00 
laQ  06  15 
1.59  17  30 
100  00  00 

100  04  00 

160  07  30 

101  53  00 

102  11  00 

162  50  00 

163  24  30 

163  44  OU 
104  38  00 

164  47  00 

164  51  00 

165  41  00 

164  58  00 
104  55  SO 

165  15  30 
164  36  00 

161  33  00 
164  13  00 
jl64  18  00 
Il64  23  15 
:]04  05  20 
163  21  30 

103  37  00 
103  20  46 
163  16  15 
163  07  30 
102  56  00 
1«3  09  00 

162  40  3a 
162  30  30 
1102  43  00 
Il62  31  00 
162  18  00 

161  58  00 

162  26  00 
162  26  00 
161  54  45 
161  25  30 
161  09  16 
161  22  00 
161  37  00 
161  38  00 
161  03  00 
160  42  30 
160  39  30 
1(K)  33  00 
100  26  45 
160  :t7  30 

160  49  00 

161  00  30 
161  12  30 
160  58  00 


Pi 


Finn. 

10 
8 

10 
7 
7 

f 

5 

? 

4i 
5  feet. 

12 

22i 

214 
lOi 

8 

8* 

124 
2S 
164 
23 
24 
51 
46 
58 
148 
30 
37 
62 
40 
24 
25 
46 
56 
63 
26 
44 
42 
36 
20 
16 
36 
26 
34 
46 
41 
40 
34 
40 
41 
48 
21 
21 
30 
37 
46 
35 
15 

14i 

12 

28 

37 

38 

38 

40 


Character  of 
bottom. 


K.V.f> 

^iT^^,  hk.  S.. 

cy.s 

lf.V.8 

jiy.  S...... 

gy-g 

t'y.s 

ine,  gy.  S . 

a 

P 


Temiierature. 


Air. 


Snr- 
face. 


A    •  •  •  • 

G  ... 
bk.S 

S.... 


P 

bk.S 

fne.  gy.  S 

fne.  gy.  S 

fne.gy.S.bk.Sp. 
fuo.gy*i)-hk  Sp. 

fne.  gy.  S 

fno.sy.S.andK. 
fne.  gy.  S 


G 

G 

fne.  fry,  s 

fne.  gy.  S 

t^e.g)\S 

gn.  M. 
k.S.andM.. 
bk.S. and  M... 

M.  &  tne.  S 

bk.G 

era.  S.  G.  and  P. 

bk.M 

bk.CJ 

bk.G..^ 

era.  S.im 

bk.G 

bk.  M.  and  G  - . . 
bk.  S.  and  G  . . . 

Ulr    < 

fcil :;::;::::: 

bk.G 

era.  bk.  S.  Sb  . . 

fne.  gy.  S 

fne.  gy.  S 

fne.gy.  S 

fne.  gy.  S 

fne.  gy.  S 

fne.gy. 8.  bk.Sp. 

bk.S 

foe.gy.S.andG. 

fne.  gy.  S 

fne.gy  .S.bk.Sp. 

sy^h'.V.'.'.'.'.'.V. 
bk.S.G 

me.g>'.  S 

fne.gy.S.bk.Sp. 

fne.  gy.  S 

fne.gy.  S 

era.  bk.  S 

bk.G 

fue,  gy.  S 

fne.  gy.  S 

fne.  gy.  S 

fne.  gy.  S 

fue.  gy,  S 


OF. 


Inatrn- 
men  tuned. 


-  t 


44 


INVESTIGATIONS   OF  THE  ALBATROSS. 
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fraphic  Boundings  hif  the  U,  S,  JFish  Commission  steamer  Albatross  from 
July  1, 1889 J  to  June  SO,  i^W- Continued. 


mc  of 
lay. 


Op.  m. 
f)  p.m. 
5  p.  m. 
Dp.  lu. 
I  p.m. 

3  p.m. 
0  p.m. 

4  a.m. 
Oa.in. 

0  a.m. 

1  p.m. 

2  p.m. 

0  p.  m. 

5  p.m. 
Bp.  m. 

1  a.m. 

2  p.m. 
2p.ro. 
!)  a.m. 
!^  p.m. 
I  p.  m. 

3  p.m. 
I  a.m. 
1a.m. 
)  p.m. 
I  p.m. 
)  p.m. 
Sp.m. 
9  a.m. 

1  a.m. 
9  p.m. 
7  p.m. 

2  p.m. 
^p.m. 
>  p.m. 
Sp.m. 
5  p.  m. 

3  p.m. 
l)p.m. 
2  a.m. 

7  a.m. 

1  a.m. 

0  p.m. 

2  p.m. 

1  p.m. 
Sp.m. 

2  p.m. 

3  p,m. 
3  p.m. 

0  p.m. 
5  a.  m. 

8  a.m. 
Dp.m. 
5  a.m. 

1  p.m. 

5  a.m. 
Ba.m. 

2  p.m. 

6  a.m. 
6  a.m. 
8  a.m. 
6  a.m. 

8  a.m. 

0  a.m. 

1  a.m. 
6  a.m. 
1  a.m. 
1  a.m. 
S  a.m. 
B  p.  m. 

9  p.  m. 
i  p.  m. 
I  p.  m. 
Sp.m. 
!p.  m. 


Position. 


Lat  X. 


O  I       II 

5C  :W  20 
50  40  40 
06  48  00 

56  55  30 

57  03  20 
57  10  30 
57  04  20 
56  57  45 

56  57  00 

57  06  20 
57  21  30 
57  23  15 
57  10  15 
57  07  30 
57  05  45 
57  05  30 
57  48  30 
57  45  15 

57  56  45 
.^8  00  30 

58  01  00 
58  24  00 
57  59  00 
57  32  40 
67  39  00 

57  50  40 

58  10  20 
S8  14  20 
58  05  00 
57  38  15 
57  31  20 
57  11  15 
.'m  57  30 
56  31  15 
56  27  45 
56  25  20 
56  22  45 
56  05  30 
55  55  15 
54  02  45 
54  03  00 
54  01  40 
53  68  40 
.S3  54  10 

53  ft3  00 

54  43  00 

55  31  00 

56  51  00 

57  00  30 

57  19  30 
67  46  00 

58  14  00 
58  43  00 
56  50  00 
56  02  10 
55  17  00 
54  30  30 
53  42  00 
53  56  02 
53  57  32 
53  58  06 
53  58  50 
53  59  18 
53  59  42 
53  59  47 
53  50  42 

53  59  26 

54  00  08 
54  01  23 
54  01  29 
54  01  59 
54  02  i:) 
54  02  24 
54  02  50 
54  aL30 


Long.  W. 


o  /  // 

159  43  30 

159  54  30 

160  05  30 
160  17  30 
160  29  00 
160  15  00 
160  00  00 
159  46  00 
159  31  00 
159  23  00 
159  46  30 
159  17  00 
158  49  00 
158  42  30 
158  39  00 
158  37  30 

158  48  00 
157  56  00 
108  17  00 

159  13  3(^ 

159  33  15 
100  17  30 
100  24  45 

160  00  00 
160  39  30 

160  57  00 

161  24  30 
161  30  30 
161  62  15 
161  28  30 
161  23  00 
161  05  00 
160  52  30 
160  28  30 
160  25  30 
160  23  30 

160  21  30 

161  02  00 
161  15  00 
166  33  00 

166  52  30 
107  09  00 

167  35  00 
167  52  00 
1G7  56  00 
171  16  00 

171  42  00 

172  28  00 

173  25  00 

174  07  00 
174  35  00 
174  35  00 

174  33  00 

175  15  00 
175  35  00 
175  32  00 
175  32  00 
175  33  00 
166  27  05 
166  30  20 
166  31  26 
166  33  10 
166  34  27 
166  35  29 
166  33  48 
166  31  44 
166  28  00 
166  24  14 
166  23  37 
166  25  08 
166  20  H2 
1U6  30  50 
166  35  10 
16G  37  0() 
100  40  00 


P. 
P 


Fmt. 
15 
30 
35 
36 
39 
38 
34 
34 
30 
31 
32 
31 
25 
20 
17 
12i 
24 
13 
20 
21 
23 

6* 
26 

29 

81 

27 

23 

22 

81 

30 

32 

29 

38 

32 

30 

22 

20 

18 

14 

61 

365 

802 

885 

643 

578 

1745 

1818 

60 

314 

445 

1740 

977 

144 

1887 

1998 

2036 

2147 

2053 

25 

79 

96 

118 

53 

22 

71 

99 

66 

37 

40 

57 

103 

97 

77 

58 

322 


Character  of 
bottom. 


bk.S.G ^ 

fne.g'jr.S.  G  .. 
era.  UK.  S 

K:-^ ::::;;::: 

bk.S .... 

fne._gy.  S.bk.Sp 

Hii:::::::::: 

gy.  S.  (i 

bk.S.G 

fne.cy.S 

g>-.fc» 

S 

S 

bk.S 

§y.s.. 

ftie.  gy.  S 

gy.  8.  ok. sp.... 
lik.S 

gys 

Ky.  S.  G 

rne.  gy.  S 

fno.  gy.  8 

ftie.  gy.  S 

fDe.gy.S 

ftiebk.S 

fne.  gy.  S.  G 

ftie.  gy.  S 

fne.  gy.  S 

§f*.s  !!***.'.!-.'." 

ftie.  gy.  S 

l?y.S.G 

tne.  gy.  S 

G 

ftie.  gy.  S 

G 

G 

bk.S.G 

gn.M 

ff:  *".;;;:;;;;: 

DK.  o.  ix  ....... 

ftie.  bk.  S 

gn.  Oz 

gn.  Os 

gn.M 

gn-M 

Kn.M 

gn.  Oz 

fne.dk.  S 

ftie.dk.  B 

gn.  Oz 

gn.  Oz 

gn.  Oz 

fn.  Oz 
n.  Oz 

fne.gy.S 

fne.  S.  sb.  M . . . 

fne.S.,M 

fne.  S.  bn.  M... 

foe.  dk.  S 

rd.  and  bk.  G  . . 

fne.  S.  M 

fDe.S.M 

fne.S,M 

G.ah.V 

ftie.G 

fne.  S.G- 

fne.  bk.S 

bk.S 

bk.S.Sh 

bk.S.G.Sb.... 
bk.S 


Temperature. 


Air. 


OF. 
44 
43 
42 
42 
41 
41 
41 
40 
40 
42 
43 
43 
41 
41 
41 
41 
45 
46 
47 
51 
49 
49 
49 
48 
50 
50 
47 
47 
46 
47 
>7 
45 
45 
45 
46 
46 
46 
53 
49 
47 
48 
48 
48 
48 
48 
50 
48 
46 
46 
45 
47 
47 
47 
46 
48 
46 
48 
49 
50 
50 
50 
50 
50 
56 
56 
56 
.SO 
57 
GO 
60 
55 
55 
56 
56 
56 


Sur- 
face. 


OF. 
45 
45 
42 
43 
43 
43 
43 
42 
43 
46 
44 
44 
43 
43 
44 
44 
48 
50 
50 
55 
55 
53 
60 
47 
52 
52 
49 
49 
49 
50 
51 
50 
48 
49 
49 
50 
50 
61 
51 
50 
48 
48 
50 
51 
51 
52 
51 
50 
50 
50 
50 
50 
50 
50 
50 
50 
40 
50 
54 
54 
51 
54 
54 
54 
52 
52 
66 
55 
55 
55 
55 
55 
55 
55 
55 


Bot- 
tom. 

OF. 


38 


38 
88.5 


41 
40 
40 
40 
41.6 


luatm- 
ment  used. 


43.5 

40*.4 
44.2 
45 


40.1 

41 

39.5 

39.8 

40.6 

40.2 

41 

41.2 

41.8 
41 


43 

36.2 

35.8 

36.7 

37 

35 

35 

38.5 

38.2 

37.5 

35 

35.8 

38 

35 

34.9 

35 

35 

35 


Hand  lead 
Tauner  . 
...do... 


...do... 
...do.... 
...do  — 
— do  .... 
...do..., 

. .  .do 

...do  .... 
...do  — 
...do  — 
. .  -do  — 
Hand  lead 
...do.... 
...do.... 
Tanner. . 
Hand  lead 
Tanner. . . 

...do 

. . -do 

Hand  Ic^ad 
Tanner... 
. .  .do 


41 

40.8 

41.6 

42.3 

45.8 

41.3 

40.6 

41.3 

44.3 

44.5 

42.5 

40.0 

40.9 

40 

42.1 

38.3 


•  •  *  1&  V    •  •  ■  ■  ■ 

. .  .do 

...do 

•  ■    •  U'r     •   •    •    *    • 

. . .do 

. .  -do 

Tanner . . 

...do 

...do 

...do 

...do 

...do 

Hand  lead 

Tanner . . 

...do 

...do 

Sigsbeo . . 

...do 

...do 

. . . do 

...do 

. .  -do 

...do 

. . . do 

. .  .do 

...do 

...do 

. .  .do 

•  ■  -llV    •  •  «  •  • 

...do 

...do 

...do 

...do 

...do 

Tanner . . 

...do 

. .  .do 

...do 

...do 

. .  .do 

...do 

. .  .do 

. .  -do 

...do 

•  .  .do  . . . . . 

..  -do 

. . . do 

...do 

...do 

do 

...do 


5S 


Lh$. 
12 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
12 
12 
12 
28 
12 
28 
28 
28 
12 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
12 
28 
28 
28 
38 
38 
38 
38 
38 
35 
35 
38 
38 
38 
38 
38 
35 
35 
35 
60 
35 
60 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
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Record  of  hydrographic  soundings  by  the  U,  S.  Fish  Commission  gieamer  Albatross  from 

July  ly  1889,  to  June  SO,  i5W— Continued. 


Time  of 
day. 


2498 
2499 
2500 
2501 
2.'i02 
2503 
2504 
2505 

2506 
2o07 
2508 
2509 
2510 
2511 
2512 
2513 
2514 
2515 
2516 
2517 
2518 
2519 
2520 
2521 
2522 
2523 
2524 
2525 
2526 
2527 
2528 
2229 
2530 
2531 
2532 
2533 
2534 
2535 
253fJ 
2537 
25S8 
2539 
2540 
2541 
2542 
2543 
2544 
2545 
2546 
2547 
2548 
2549 
2550 
2551 
2552 
2553 
2554 
2555 
2556 
2557 
2558 
2559 
2560 
2561 
2502 
2503 
2564 
2565 
2566 
2567 
2508 
2560 


Position. 


LatN.    iLong.  W. 


19 


20 


.do  . 

.do . 

.do . 

.do. 

.do . 

.do. 

.do . 

do. 
Aug.  18 

.do . . 

.do.. 

.do.. 

.do.. 

.do.. 

.do.. 

.do . . 

.do.. 

-do . . 

do   . 

.do . . 

-do.. 
Aug. 

.do 

.do 

do 

.do 
Aug. 

.do 

.do 

.do 

.do 

do 

.do 

.do 
Aug.  22 

.do  . 

-do  . 

.do  . 

.do  . 

.do  . 

.do  . 

.do. 

.do . 

.do  - 

.do . 

.do . 

.do . 
Ang.26 

.do . 

.do . 
Aug.  27 

.do . 

.do . 
Aug.  29 

.do .. 

.do  . . 
Aug.  30 

.do 

.do 

.do 

.do 
I  Aug.  31 
|.  .do  . .. 
I  Sui>t.   1 


11:33 

12:12 

12:53 

1:13 

1:50 

2:03 

2:17 

4:06 

9:32 

9:55 

10:25 

10:57 

11:50 

12:21 

1:08 

2:56 

5:01 

5:51 

8:00 

8:40 

11:01 

5:10 

5:40 

6:20 

8:05 

8:50 

7:5:^ 

8:31 

9:11 

9:46 

10:24 

11:10 

11:53 

10:55 

6:35 

0:50 

7:10 

7:21 

7:56 

8:16 

9:21 

9:53 

10:12 

11:10 

11:4C 

12:03 

12:22 

4:01 

4:30 

6:17 

11:58 

5:03 

11:04 

12:03 

7:50 

10:45 

2:08 

5:52 

0:29 

1:55 

7:11 

4:16 

7:42 

4:46 


P- 
P- 
p. 
p. 
P- 
P- 
P- 


a.in. 
:p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
ikm. 
a.m. 
a.m. 
a.m. 
a.m. 
p.  m. 
m. 

,m. 

,  m. 

,  m. 

.  m. 

,m. 

,m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.m. 
a.  m. 
a.  m. 
a.m. 
a.m. 
a.m. 
a.  m. 
n.m. 
p.  m. 
a.m. 
a.m. 
a.  m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.  m. 
a.m. 
a.  m. 
a.m. 
p.  m. 
p.m. 
p.  m. 
I  p.  m. 
p.  m. 
a.m. 
'<  p.  m. 
p.m. 
p.m. 
p.m. 
p.  m. 
a.  m. 
a.  m. 
a.  m. 
I  p.  m. 
p.m. 
a.m. 
p.m. 
p.m. 


o     t     n 

54  02  00 
r^k  00  45 
54  00  25 
54  00  25 
53  59  30 

53  58  50 

54  00  00 
63  56  30 

63  55  40 
53  62  36 
53  52  00 
53  52  00 
53  50  25 
53  50  15 
63  50  05 
53  50  06 
53  43  50 
63  43  05 
53  43  00 
53  41  45 
53  42  00 
53  41  45 
53  41  00 
53  36  30 
63  30  40 
63  30  25 
53  30  55 
53  32  55 
63  37  00 
53  37  30 
63  30  55 
53  28  25 
53  24  30 
53  23  15 
53  24  20 
63  23  30 
53  23  30 
53  24  00 
63  25  20 
53  28  15 
63  31  45 
53  48  00 
53  53  45 
63  54  00 
53  55  35 
53  56  00 
53  56  45 
53  67  30 
53  68  46 
53  68  20 
53  58  05 
53  55  55 
53  f5  05 
.'>3  64  15 

53  53  20 

54  02  15 
54  00  25 

53  59  00 
63  58  00 

54  01  00 
00 
00 

66  00  00 
56  00 
56  00 
56  01  00 
56  01  00 
56  02  00 

55  59  :W 
55  54  00 
55  49  00 
54  5J  00 


64  11 

55  41 


00 
HO 


166  42 
166  40 
166  46 
166  48 
166  48 
166  61 

166  58 

167  03 

167  06 
167  09 
167  12 
167  14 
167  13 
167  15 
167  16 
167  07 
167  00 
167  02 
J167  09 
167  16 
167  21 
167  27 
167  33 
167  23 
167  11 
167  17 
167  31 
167  36 
167  41 
167  43 
167  86 
167  33 
167  34 
167  32 
167  37 
167  39 
167  42 
167  46 
167  48 
167  45 
167  43 
167  24 
166  30 
166  20 
166  27 
166  28 
166  30 
166  32 
166  34 
166  .34 
166  .34 
166  33 
166  34 
166  35 
166  36 
166  11 

160  05 
166  57 

162  37 

161  42 
160  37 
154  48 

163  30 
152  56 
152  26 
l.')2  26 
151  00 
150  38 
149  44 
147  67 
144  57 
141  06 


00 
30 
00 
00 
30 
30 
00 
00 

20 

00 

15 

00 

00 

00 

15 

20 

00 

30 

00 

00 

80 

20 

25n 

25 

40 

30 

10 

60 

50 

60 

20 

40 

05 

50 

05 

25 

40 

10 

20 

50 

45 

00 

05 

30 

45 

30 

15 

15 

25 

45 

10 

55 

35 

85 

20 

20 

40 

20 

00 

30 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 


Pmx. 

148 
37 
52 

179 
50 
22 

316 
36 

97 

22 

40 

166 

65 

50 

106 

47 

103 

109 

62 

54 

68 

69 

394 

43 

32 

37 

44 

13G 

524 

247 

49 

43 

42 

15 

60 

47 

39 

30 

37 

35 

43 

624 

19 

17 

19 

35 

63 

65 

23 

17 

64 

45 

47 

58 

13 

41 

26 

48 

619 

542 

756 

494 

207 

1.152 

2,197 

2,620 

2,935 

2,925 

2.776 

2,414 

2.132 

i,m>3 


Character  of 
bottom. 


bk.S 

bk.S 

bk.S.G 

bk.S 

bk.S 

Sh 

RiiM 

ftae.  rd.  and  bk. 

S. 
bk.S.Sh.G.... 

<K-^  ::::■■:::: 

bk.M 

bk.G 

bk.G 

bk.  S.  G 

bk.S.G 

bk.M 


Temperature. 


Air. 


..I 


dk.  go.  M 

bf.B.M 

S.G 

bk.S.M 

bk.S 

gn.  M  — . 

ors.  bk.  S 

bk.S 

bk  S 

bk.  S 

bk.  S.  M  . . 

gn-M 

bk.S.M 

bk.S 

bk.S.Sh 

bk.S.G 

bk.S.G 

G.Sh 

bk.G.Sh 

bk.S 

bk.S 

bk.S.G 

bk.S 

bu.M 

M 

ri.  M 
M 

fne.  gy.  S 

fue.  s!  M 

fne.  S.  M 

bk.G 

bk.S.... 

fbe.  bk.  S 

fne.  bk.  S 

bn.M 

bn.M 

era.  bk.  S 

R 

sh.  R 

G 


g" 


.M 


gu.M 
n.M. 


fn.  M 
I.M 

gn.  M 
n.  M.  S.  Oz 

g.T.OB 

gy.  0« 

bn.M 


gy.ois....... 

gy.  oz.  bk.  S. 


OF. 
.53 
53 
62 
59 
60 
60 
GO 
60 

60 

60 

54 

59 

69 

59 

59 

54 

50 

49 

49 

49 

49 

49 

51 

50 

51 

51 

50 

48 

47 

45 

45 

45 

46 

48 

48 

48 

AH 

47 

47 

47 

47 

48 

46 

46 

46 

47 

47 

47 

47 

50 

50 

50 

54 

54 

54 

46  ' 

46 

64 

60 

59 

52 

53 
54 
.55 
55 
54 
54 
54 
.'>4 
55 
57 


OF. 

54 
54 
53 
54 
54 
54 
62 
54 

54 
54 
63 
52 
62 
62 
62 
62 
52 
60 
50 
48 
48 
60 
52 
50 
50 
50 
50 
47 
47 
46 
45 
45 
46 
50 
48 
48 
48 
48 
48 
48 
48 
47 
48 
48 
48 
48 
48 
47 
48 
,50 
50 
62 
54 
54 
54 
47 
47 
46 
55 
53 
52 
51 
52 
52 
54 
54 
53 
64 
54 
54 
54 
56 


op. 

44V5 
44 

39 

43.5 

44.1 

38.2 

46 

40.9 

46 

44 

39 

43 

42 

38.8 

44.1 


40.3 

«"" 

40' 

88 

42.4 

43.9 

42  9 

41.5 

39.5 

37 

38.5 

41.5 

41.8 

42 

44.4 

42 

42.3 

42.1 

42.9 

42.1 

42.2 

41.5 

38 


i  »  ■ 
lustm-  !  ^  * 
men  t  used.  i.Bfs 


Tanner 
. . . do  ... 
...do... 
. . . do . . . 
, .  .do  . .. 

..do  ... 
...do  ... 
...do  ... 

. . .do  . . . 

. . .dq 

...do  ... 
..do  ... 
...do  ... 
, .  .do  . . . 
. . .do  ... 
. .  .do  ... 
...do ... 
. . .do  . . . 
. .  .do  ... 
. .  .do  ... 
. . .do  . . . 
..  .do  ... 
Sigsbee 
Tanner  .  . 

...do . . 

. .  -do - 

. .  -do 

. . . do  . . . •  - 

Signbee  .  . 

Tanner  .  - 

. .  .do  ....  - 

. . .do 

. . .  do  —  -  - 


U^ 


-  - 1 


..  .QO  . 

...do - 

..  .do 

.. .do  ...  — 

...do 

...do 

..  .do  ... — 

...do 

Sigsbee  .  - 
Handieiul^ 

,...do ....  - 

do 

43.3  j  Tanner  .  - 

41.8  '...do 

41.1  i..  .do ' 

I  Handle»c* 

do  ...  -  - 

41.8  Tanner 

42.4  ...do... 
43.3  ...do  ... 
42.1  ...do... 

Handlea< 

34.3  .  Tanner 

45.7  . .  .do  . . . 

44.9  ...do  ... 

37.8  Sigsbee 
38.1  ...do  ... 
36.6  ...do... 

37.9  ...do  ... 

39.5  ...do  ... 

35.6  ...do  ... 
34.9  ...do  ... 
34.5  ...do... 
35.1  .  .do  . . . 
35.3  . .  .do  . . . 
34.9  ...do... 
35.1  Sigsbee 

'v*.\  . .  .do  — 

3:».l   ...do... 


r 


2K 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

2H 

28 

28 

28 

28 

28 

28 

38 

28 

28 

28 

28 

28 

38 

28 

28 

28 

26 

28 

28  • 

28 

SB 

2» 

28 

28 

38 

12 

12 

12 

28 

2B 

» 

12 

12 

28 

28 

28 

28 

12 

28 

28 


38 

38 

38 

38 

<» 

flO 


) 
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lydroaraphic  aoundingt  ly  the  U.  S.  Fish  Commiwion  steamer  Albatross  from 
July  1,  1889 f  to  June  30,  1891— Continued. 


Time  of 
day. 


Position. 


Lat.N. 


1:15 

8:29 

9:06 

10:00 

(10:33 

!11:10 

11:54 

1:43 

4:20 

5:18 

0:05 

6:23 

7:08 

7:84 

8:25 

9:05 

9:25 

10:20 

10:45 

11:40 

12:05 

12:55 


p.m 
SLm 
a.m 
a.  ID 
aLin 
a.  ID 
a.iii 
p.m 


P- 
P- 
P- 
p. 


1: 
1 

2: 
2: 


:09 
:21 
:12 
35 
2:55 
3:38 
3 :5:{ 
4:10 
5:00 
5:28 
5:45 
6:00 
6:27 
6:51 
7:18 
7:45 
8:15 

3:50 
5:07 
9:22 
6:58 
5:04 
5:55 
0:22 
6:51 
3:25 
5:19 
7:06 

12:03 
1:20 
4:21 
6:00 
7:05 
9:18 

10:25 
5:09 


m. 
m 
m 
m 
p.m 
p.m 
p.m 
p.m 
p.m 
p.m 
p.m 
p.m 
a.m 
A.m 
a.m 
a.  ip 
a.m 
a.m 
a.m 
a.m 
a.  m 
a.m 
a.m 
a.m 
a.m 
a.m 
a.m 
a.m 
a.m 
a.m 
a.m 

p.m 
a.m 
a.m 
a.m 
a.m 
p.m 
p.m 
p.m 
a.m, 
a.m 
a.ra 
p.m 
p.m 
a.m 
a.m 
a.m 
a.m 
a.m 
a.m 


9:14  a.  m 
1:15  p.  m 


4:19 
5:24 
6H)5 
9:42 
10:42 
5:05 
8:40 
7:02 
7:06 


p.m 
a.ro 
a.m 
a.m 
a.m, 
a.m 
a.m 
p.m 
a.m 


II 


54  22  00 
53  06  30 
40  26  00 
40  27  40 
40  27  45 
40  24  35 
40  23  50 
40  13  30 
40  00  30 
39  55  45 
39  51  25 
39  52  05 
30  47  30 
39  46  25 
39  42  00 
39  43  25 
39  44  00 
30  38  05 
39  37  15 
39  32  15 
39  32  05 
39  27  00 
39  27  00 
30  27  00 
39  22  00 
39  22  00 
39  22  00 
30  17  15 
39  16  50 
39  16  10 
39  11  05 
39  12  20 
39  13  10 
39  13  50 
39  12  10 
39  00  30 
30  08  10 
39  07  50 
39  06  30 


12  30 
29  30 

35  10 

28  20 
50  00 
34  35 

36  20 
38  10 

26  40 

27  10 

;n  00 

29  UO 

:w  00 

27  10 
21  30 
18  00 
11  00 
07  00 
U  36  00 
So^Uh. 
0  13  00 

0  20  00 
North. 

1  24  30 
16  20  00 
16  42  00 
16  45  00 
16  46  30 

20  47  15 

21  03  00 
27  20  00 
27  38  00 


7 
5 
5 
5 
3 
7 
7 
7 
7 
7 
7 
7 
7 
1 
1 
1 
1 
1 


Long.  W. 


123 
123 


137  24  00 
133  53  30 
124  29  45 
124  33  00 
124  36  55 
124  37  40 
124  33  30 
124  25  45 
124  06  30 
124  10  45 
124  07  50 
124  06  00 
124  03  00 
124  05  50 
124  03  00 
123  59  10 
123  57  40 

123  58  30 

124  00  55 
123  59  00 
123  56  50 
123  57  25 

123  58  30 

124  00  00 
124  00  00 
123  58  00 
123  56  05 
I2:j  55  55 
123  57  45 

58  35 
50  00 

yam  oo 

123  54  00 
123  52  30 
123  50  50 
123  49  00 
123  52  30 
1.3  56  00 
123  50  30 

80  56  00 
86  49  30 
86  57  10 
86  55  30 

81  44  20 
79  18  20 
79  18  10 

79  18  00 
78  52  40 
78  46  40 
78  42  30 
78  43  30 

78  40  30 

80  02  10 
80  01  40 
80  Ul  00 
70  50  30 

79  50  00 

82  45  00 

84  52  00 

85  08  00 

91  38  00 
09  41  30 
110  11  0(> 
100  06  00 
100  02  30 
106  15  30 
106  21  30 
110  54  00 
HI  04  00 


P. 


1  „       I 
■  Fint. 

,1.655 

1.566 

26 

52 

220 

489 

337 

55 

23 

184 

159 

80 

110 

263 

270 

93 

81 

102 

246 

226 

140  i 

82  I 

157  I 

234 

238 

132 

77 

77 

86 

161 

183 

77 

00 

64 

60 

54 

50 

71 

199 

127 

1,009 

82 

94 

1,181 

226 

191 

151 

1,681 

1.708 

1.100 

1.482 

1,104 

809 

750 

724 

536 

90 

1,832 


Character  of 
l>ottom. 


G.  S.  Sh 

fflob.oz 

fae.  wh.  S 

bn.  fflob.  OK  . . 

S.Sh 

era.  gy.  S 

^±::::::: 

fPl.  glob.  02  . . 

gn.  glob.  OK  . . 
gn.  glob.  OK  . . , 

gii.M 

8ft,M 

gn.  OK  ... 

gn. OK  

gn.  M 

gn.M.  S 

gn.  glob,  oz  . . 


1,488 

1,270 
1,823 
838 
912 
602 
2,022 
2,102 
773 
622 


glob.  OK. 


glob.  OK 

yl.  S.  bk.  sp . . 

gn-M 

(Ik.  gn.M 

(Ik.  gn.  M 

dk.  gn.  M 

gn.  OK.  bk.gp 
bn.  M.  bk.  sp 
bn.  M.  bk.  ap 


Temperature. 


Air. 


It.  bn.  OZ , 

OK. bn. M.  S  ... 

bk.G.P 

dk.  Jd..  S 

bk.S.M 

gn.M 

gn.  M.  S 

li.  G.  Sh 

ftie.  gy.  S 

ipi.  M 

Ine.  gy.  S 

crag 

bk.S.M 

gn.M 

gn.M 

gn.M 

gn  .M.. 

gn.M , 

gn.M 

gn.  M 

S.M 

ftie.S.bk.G.-. 

M 

M 

M 

fne.  S.  M....... 

M 

fnc  S.  M , 

M 

^"•JJ 

gn.M 

gn.M 

gn.M 

gn.M 

gn.M 

gn.  M 

gn.M 

gn.M 

gn.M 


OF. 
56 
57 
53 
53 
53 
53 
55 
.58 
56 
55 
55 
55 
55 
55 
54 
55 
55 
55 
55 
55 
55 
54 
54 
54 
54 
54 
54 
54 
54 
54 
5i 
54 
5( 
54 
53 
53 
53 
53 
53 

79 
81 
84 
78 
77 
76 
78 
77 
72 
71 
72 
76 
77 
78 
78 
77 
78 
70 
80 

81 
85 

82 
77 
79 
82 
81 
72 
73 
72 
72 


op. 

56 

57 

51 

52 

52 

52 

54 

52 

52 

52 

53 

53 

54 

54 

54 

53 

53 

53 

53 

53 

53 

53 

5\ 

5:i 

53 

53 

53 

5:{ 

53 
55 
55 
54 
54 
54 
54 
54 
54 
54 
54 

81 

82 

83.6 

82 

77 

74 

74 

74 

70 

69 

68 

70 

70 

79 

78 

80 

80 

80 

81 

81 
83 

83 
80 
8(1 
82 
82 
74 
74 
71 
72 


Bot- 
tom. 


°F. 
35.3 
35.3 
50.4 
49.6 
44.8 
39.8 
42.6 
49.6 
52.7 

47.6 

48 

47.0 

43.6 

43.4 


47.6 

44.1 

44.0 

46.4 

48 

46.4 

44.3 

43.7 

47 

48.4 

48.5 

47.6 

47.6 

46.4 

47.0 

4H.I 

44.6 

49.4 

49.6 

46.1 

48.6 

45.5 

57.7 

37.2 

58.2 

57.2 

36.5 

49.8 

53.8 

50.3 

36 

36 

36.5 

30 

36.5 

40.1 

39.2 

39 

41.2 

57.3 

86 


Instru- 
ment nsed. 


36 

36.2 

:J5.8 

38.5 

37 

40 

36 

35.8 

38 

30.2 


Sigsbee 

do 

Tanner 
Sigsbee 
. . .do  . . . 
. . . do . . . 
. .  .do  . .. 
Tanner 
. . . do  . . . 
. . .do  — 
. . . do  . . . 
—  do  . . . 
. .  .do  . . . 
. . .  do  . . . 

. .  -do 

.  .do 

. .  .do  .. . 
. .  .do ... 
. .  .do ... 
..  .do ... 
. . . do  . . . 
. .  .do  .. . 
...do  ... 
. .  .do  . . . 
...do ... 
. .  -do ... 
. . . do  . . . 
...do ... 
. . .  do  . . . 
...do ... 
. .  .do ... 
...do ... 
. . . do  . . . 
. .  .do  — 
...do ... 
...do ... 
. . . do  . . . 
...do  .. 
...do  ... 

Sigsbee 
. . . do  . . . 
.  ..do  .. . 
. . .do  . . . 
...do  . .- 
Tanner 
. .  .do  . . . 
— do  . . . 
Sigsbee 
. . .no  ... 
...do  .. . 
...do  ... 
...do  ... 
..do... 
...do  ... 
. . .  do  ... 
.  ..do  ... 
...do  . . . 
. . .  do  ... 


do 
.do 


..do 
..do 
. .  do 
..do 
..do 
..do 
..do 
..do 
..do 


S3 


Lb*. 
60 
60 
28 
38 
:» 
38 
38 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

38 
35 
38 

:<8 

35 
26 
26 
26 
38 
35 
35 
35 
.38 
38 
38 
38 
38 
38 
35 


38 

33 
35 
38 
38 
38 
60 
35 
38 
38 


{ 
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Btoofi  of  ocean  temperatures  and  epecifio  gravities  by  the  U.  S,  Fish  Commission  steamer 

AlhairosSj  July  If  1889 ^  to  June  30y  1891, 


Dite. 


*l>t. 


Apr. 


^y 


Time  of 


Station. 


LatK. 


// 


Seymonr  Narrows 

Qneen  Charlotte  Soand 

Millbank  Sound 

Carter  Bay 

Wri^'ht  Soand 

Kennedy  Island 

Tongas  Narrows 

Port  Cheater 

Fort  Wranffell 

Wrangell  Narrows 

Kiltsinoo  Bay 

Sitka  Narrows 

Sitka  Harbor 

Freshwater  Bay 

Glacier  Bay 

ChlUcat 

Jnnean 

51  34  00 

52  35  00 
51  44  50 
50  15  00 
47  05  00 
45  29  30 
44  34  00 
44  08  00 
44  00  30 
44  12  00 

Cape  Lookont,  Oregon . 
43  of  00 


Long.  W. 


II 


131  16  00 
1»6  02  00 
133  24  00 
128  57  00 
124  19  30 
124  11  00 
124  54  30 
124  32  00 
124  55  30 
124  19  00 


Depth. 


124  41  00 


122  43  00 
122  44  00 


37  44  50 

37  27  20 

SantA  Cmz,  Cal 

Monterey  Buy 

Drake  Bay 

OffFarallonea 

CordellBank 

Cedar  Point 

San  Simeon  Bay 

I  35  14  00  I  121  07  00 

Point  Conception 

Santa  Barbara  Channel 

Santa  Barbara 

Santa  Kosa  Inland 

I  36  59  00 


122  27  00 


Fm». 
Surface 
...do  .. 
. ..%'io  .. 
...do  .. 
..  .do  .. 
...do.. 
...do  .. 
...do  .. 
...do  .. 
..  .do  .. 
...do  .. 
...do.. 
...do  .. 
...do  .. 
...do  .. 
...rto  .. 
...do  .. 
. .  .do  . . 
..  .do  .. 
..  .do  . . 
...do  .. 
. .  .do  . . 
...do  .. 
. . . do  . . 
. .  .do  - . 
. . . do  - . 
. .  .do  .. 
...do  .. 
..  .do  .. 

. .  .do  . . 
...do  .. 
...do.. 
...do  .. 
..  .do  .. 
. . .do  . . 
. .  -do  -. 
. .  .do  .. 
...do  .. 
. .  .do  . . 
...do  .. 
..  .do  .. 
.  ..do  .. 
. .  .do  .. 
. .  .do 


51 
51 
52 


Off  Capo  Scott,  Van  Island .do  . . 

5109  00     132  35  00  I... do  .. 

52  00     137  27  00  I... do.. 

30     142  41  30    ...do.. 

52  :<6  50     U6  51  10    ...do.. 

52  43  30     147  44  00    . .  .do  . . 

52  48  00     149  14  00    ...do.. 

53  07  35  151  ^\  57  ...do  .. 
53  13  00  152  48  17  ...do  .. 
53  21  54  154  48  17  ...do  .. 
53  50  00     157  08  30    ...do  .. 

.do  . . 
.do  . . 
-do  . . 
.do  .. 
.do., 
.do  . . 
165  13  00    ...do  .- 

165  39  00    ...do  .. 
107  24  00    ...do.- 

166  53  00    ...do., 
.do  .. 


00 
53  55  00 

53  57  34 

54  00  00 
54  00  40 

i  64  16  00 

Unimak  Paas,  Alaska 
54  16  00 

54  44  00 

55  01  50 

i  54  36  30 

Unalaska  B arbor,  Alaska 

H.  Mis.  113 21 


00 
00 
30 
10 
00 
14  00 
^\  57 
17 
17 

157  08  30 

158  04  10 

159  46  40 
162  33  00 
102  57  00 
16:j  26 


00 


5.1 
58 
fil 
59 
54 
56 
58 
00 
57 
57 
54 
59 
57 
54 
40 
50 
54 
58 
57 
58 
62 
56 
62 
61 
57 
60 
58 
51 
53 

51 
52 
53 
55 
53 
52 
55 
51 
53 
52 
52 
58 
56 
54 
'  50 
,!  55 
52 
54 
46 
44 
44 
44 
44 
43 
44 
43 
44 
44 
43 
44 
42 
43 
42 
42 
42 
43 
46 


o 


a 


55 
49 
46 
44 
39 
30 
41 
40 
40 
41 
41 
42 
42 
42 
44 
39 
42 
40 
39 
37 
39 
43 


«  . 

-,« 

9i  f 

B>* 

.s  *^ 

^V 

D,a 

(O  H 

fcC 

■ss 

•  .«« 

Si,^ 

Bt 

0 

o 

70 

67 

61 

67 

65 

60 

61 

66 

00 

66 

57 

66 

59 

66 

63 

66 

61 

66 

65 

67 

56 

67 

62 

67 

66 

67 

66 

67 

45 

67 

61 

67 

58 

67 

58 

68 

57 

68 

59 

68 

63 

68 

58 

68 

61 

68 

61 

68 

57 

68 

60 

68 

59 

68 

56 

68 

56 

68 

50 

69 

52 

69 

58 

69 

60 

69 

52 

69 

52 

69 

55 

69 

52 

69 

55 

60 

53 

69 

53 

69 

60 

69 

57 

69 

55 
49 

69 
69 

CO 


67 
GO 
65 
65 
05 
65 
66 
60 
66 
GO 
60 
GG 
GO 
60 
66 
60 
66 
GO 
66 
60 
GO 
66  1  1. 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


0220 
0164 
0180 
0160 
0206 
0182 
0182 
0206 
0200 
0196 
0202 
0220 
0228 
0206 
0162 
0040 
0080 
0234 
0236 
0234 
0234 
0236 
0236 
02:U 
0236 
0236 
0236 
0242 
0240 

0236 
0240 
0212 
0236 
0220 
0222 
0236 
0244 
0244 
0242 
0242 
0244 
0214 
0244 
0240 
0236 
0238 
0240 
0244 
0244 
0244 
0242 
0242 
0242 
0242 
0242 
0242 
0236 
0236 
0236 
0236 
0236 
02.'!G 
0236 
0'?22 
0222 

crHo 


I 


<  \ 


022167 
01656^ 
018020 
016020 
020620 
018220 
018220 
020620 
020020 
019787 
020367 
022167 
022067 
020767 
016367 
004167 
008167 
023716 
023916 
023716 
023716 
023916 
023016 
023716 
023916 
023916 
023916 
024516 
024316 

024067 
024467 
021667 
024067 
022467 
022667 
024067 
024867 
024867 
024667 
024667 
024867 
024867 
024867 
024467 
023767 
023820 
023870 
024270 
024270 
024270 
024220 
024220 
024220 
024220 
024220 
024220 
023020 
023620 
023020 
02:{C20 
023620 
023020 
023620 
022220 
022220 
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Record  of  ocean  temperatures  and  specific  gravities  by  the  U,  S.  Fish  Commission  steamer 

Albatross,  July  1,  1S89,  to  June  SO,  1891 — Continued. 


Date. 


July 


1800. 
May   28 
28 
29 

29 
30 
30 

31 

31 

June   2 

2 

3 

3 

7 

8 

8 

10 

11 

14 

15 

24 

25 

25 

20 

27 

28 

20 

30 

6 

10 

17 

17 

18 

18 

10 

20 

20 

21 

21 

22 
o 

2 
3 
3 
3 
4 
4 
4 
5 
5 
G 
6 
C 
6 
0 
G 
6 
6 
G 
6 
6 
6 
G 
6 
6 
6 

7 


Ang.    2 


Time  of 
day. 


StAtion. 


Lai.  N. 


54  29  00 


Long.  W. 


// 


165  10  20 


12m 

8  p.  m '  Shaw  Bay,  Unimak  Island 

12  m i  55  11  30  |  1G3  17  00 

10  p.  m Capo  Lapin.  Unimak  Island 

12  m 5G  10  00  I  160  31  30 

Op. m Cape    Strogonof,  Alaska    Penin- 
sula. 

I  .''.8  03  30  I  157  46  00 

Head  of  Bristol  Bay.  Alaska 

I  58  28' 10  I  157  36  00 

Protection  Point,  AlaHka» 

Nnshagak  Kiver.  high  water  ..... 

Nijsha^ak  Kivor,  low  water 

Oft'  Ca))e  Constantiue 

Kound  Island,  Walrus  group 

Hagenieister  Island 

Cape  Newcnham,  Alaska , 

Knskokwini  Kiver,  Alaska. 


12m 

6  p.  m . . . . 
12m 

6  p.  in 

1  p.  m 

8  p.  ni 

7  J),  m 

12m 

8  p.  m 

12m 

12m 

12m 

12m 

12m 

12  m 

9  p.  m 

8  p.  m 

0  p.  m 

12  m 

12m 

12  m 

12  m 

3::Wp.m. 

7:30  a.m. 
12m 

7:30ft.m. 

12  m 

12  m 

I2m 

7  p.  m 

12m 

6  p.m 

12m 

12m 

6  p.m 

6  a.m 

12m 

10  p.m 

6  a.  Ill 

12m 

5:30  p.m. 

8  a.  m 

12ra 

7  a.  m 

12  m 

4 :  20  p.  m . 
4:20  p.m. 
4 :  20  p.  ra . 
4:20p.m. 
4 :  20  p.  m . 
4 :  20  p.  m . 
4:20  p.m. 
4:  20  p.m. 
4:20  p.m. 
4 :  20  p.  ni 
4:20  p.m. 
4 :  20  p.  m . 
4:20  p.m. 
4. 20  p.  m  . 
8a.  m,... 


56  55  30 
54  43  00 

54  41  30 

55  23  00 
Cape  Giasenap,  Alaska 


Amak  Island,  Bristol  Bav. 


164  30  00 
16A  01  00 
164  51  00 
163  10  00 
Peninsula 


55  44  20 

56  29  50 
56  18  30 


162  17  30 
162  26  00 
160  53  00 


Port  Moller,  Alaska  Peninsula. 

Herendeen  Bay 

Entrance  Port  Moller 
56  39  30 

56  22  00 
50  50  30 

57  08  45 

57  25  00 

58  00  10 
58  24  00 
57  30  00 
57  50  40 
57  34  00 
5402  00 

Bogoslof  Island 

53  55  00 


I 


160  29  00 
160  13  00 
150  01  00 
159  23  00 

158  44  00 

159  01  00 

160  17  30 
160  12  00 

160  57  00 

161  25  30 
167  14  00 


r » 


54  20  00 

55  31  00 

56  12  00 
56  27  30 
56  f)%  00 
58  14  00 
58  43  00 
56  50  00 
56  25  30 
56  02  10 
56  02  10 
56  02  10 
56  02  10 
56  02  10 
50  02  10 
56  02  10 
56  02  10 
56  02  10 
50  02  10 
56  02  10 
56  02  10 
56  02  10 
56  02  10 


170  50  00 

171  03  15 

171  42  00 

172  07  00 
174  14  30 
172  55  00 
174  35  00 

174  43  00 

175  15  00 
175  27  10 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
175  .35  00 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
175  35  00 
X70  32  00 


Depth. 


Fm». 
Sarface . 
, .  .do. ... 

...do 

..do 

. .do  .... 
.. .do  . ... 

. . .do  .. . . 

...do 

, .  .do  .  — 

...do 

...do 

,  ..do 

. . .do  .... 
...do  .... 

...do 

...do 

. . .do  . ... 

...do 

. .  .do  . . . . 

...do 

...do 

Surface. 

...do 

. . . do  . . . . 

...do 

, .  .do 

. . . do  . . . . 

...do 

...do 

. .  .do  . . . . 

...do 

...do  .. . . 

...do 

, . . do 

...do 

, . .do  .... 

,  ..do 

. . .do  . ... 

..do 

. .  .do  . ... 

...do 

...do 

. . . do  . . . . 
. . . do  . . . . 
, .  .do  . ... 

..do 

. . .do  .  — 

...do 

.. .do  . .. . 
. .  .do  .... 
, . .dn  . ... 
. .  .do  .... 
25 
50 
100 
200 
300 
400 
500 
600 
700 
800 
000 
1,000 
1.098 

Surface 


I 


A 

a 


43 
45 
44 
44 
45 
43 

46 

50 

45 

50 

50 

52 

41 

48 

48 

44 

41 

43 

44 

45 

46 

46 

46 

44 

45 

47 

50 

51 

54 

45 

40 

48 

46 

46 

55 

43 

45 

52 

51 

48 

57 

50 

50 

51 

50 

50 

50 

50 

50 

50 

50 

50 

42.5 

37 

38.2 

38.8 

38.7 

37.6 

36.9 

36.5 

36.3 

35.5 

36 

35.4 

34.9 


9 

0 

B 
H 


42 
44 
42 
42 
44 
44 

45 
50 
46 
52 
51 
52 
36 
46 
45 
44 
41 
41 
43 
44 
44 
42 
43 
42 
43 
44 
48 
42 
50 
43 
45 
43 
42 
45 
51 
49 
45 
50 
47 
48 
48 
48 
48 
48 
47 
46 
47 
47 
47 
46 
47 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

4« 


o    . 

a 

H 


66 
66 
66 
66 
66 
66 

66 
66 
66 
66 
66 
66 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
68 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
64 
64 
64 
04 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 

Oi 


I 


1.0232 
1.0232 
L0232 
1.0228 
L02ao 
1.0214 

L0186 
1.0130 
1. 0130 
1. 0132 
1.0080 
l.COOO 
1.0208 
1.0204 
1.0202 
1.0222 
1.0226 
1.0242 
1.0242 
1.0240 
1.0238 
L0236 
L0238 
L0234 
1.0234 
1.0228 
1.0220 
L0204 
1.0212 
L0230 
1.0230 
L0290 
1.0230 
1.0226 
1.0196 
1.0200 
1.0220 
L0208 
1.0224 
L0246 
1.0246 
1.0246 
1.0246 
1.0246 
1.0242 
1.0242 
1.0242 
L0242 
1.0242 
1.0242 
1.0242 
1.0242 
L0242 
1.0242 
1.02M 
L0248 
L0252 
1.0254 
1.0256 
L0256 
1.0256 
L0258 
1. 0->58 
L0260 
1.0964 

1.0943 


2^ 

H 


1.023220 
1.023220 
L02rt220 
L  022620 
1.022020 
1.021420 

1.018620 
1. 013020 
1.013020 
2. 013220 
1.008020 
1.008020 
1.020391 
1. 019991 
1. 019791 
1. 021791 
1.022191 
1.023791 
1.023791 
1. 023591 
L 023391 
1. 023191 
1.023391 
1.022991 
1.022901 
1.022391 
1.021501 
1. 019091 
1.021516 
1.023167 
1.023107 
1.023167 
1.023167 
1.022767 
1.019767 
1.020167 
1.022167 
1.020967 
1.022567 
1.024328 
1.024328 
1.024328 
1.024328 
1.024328 
L 023928 
1.023928 
1.023928 
1.023928 
1.023928 
1.023928 
1.023938 
1.023928 
1.023928 
1.023928 
1. 024128 
1.024528 
1.024928 
1.025128 
1.025328 
1.025328 
1.025328 
1.023528 
1.025528 
1.025728 
L  026125 


INVESTIGATIONS  OP  THE  ALBATROSS. 


323 


Rteord  of  ocean  temperatures  and  apeinfic  gravities  by  the  U,  S.  Fish  Commission  steamer 

Albatross,  July  1,  1889,  to  June  SO,  1891 — Continued. 


Date. 


Sept 


8 
15 
15 
16 
17 
18 
19 
20 
21 
22 
26 
27 
27 
27 
28 
28 
28 
29 
29 
29 
30 
31 
1 
2 
3 
3 
4 
5 
5 
21 
22 
23 
24 
25 
1891. 
Feb.  1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
8 
8 
8 
8 
9 


Time  of 
day. 


Station. 


Lat.  N. 


12m.... 
12  m... 
12  m.... 
6  p.  m . 
12  m.... 


O        I      II 

54  06  00 
54  08  00 
54  01  23 

Wislow  Islautl 

53  56  00 


Long.  W. 


// 


175  32  00 
171  55  00 
166  23  37 


12  m I  Mnkushin  Bay . 


m. 


12  m 

12  ra.. 

12m.. 

12  m.. 

12  m.. 
4p.m 
6a.m 

12m.. 

11  p.  m 
6  a. 

12m 
6  p. 
6  a. 

12  m 
6  p. 

12  m 
12  m 
12  m 
12  m 
12  m 
5p.  m 
12  m.. 
12  m.. 
10  p.  m 
12  m.. 
12m.. 
12  m  .. 
12  m.. 
12  m.. 


12  m 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 
12  p. 

6a. 
12m 

6  p. 
12  p. 

4  p. 


m. 
m. 
m. 


m. 
m. 
m . 


m. 
m. 
m . 


m. 
m. 
m. 


m. 
m. 
m . 


m. 
m. 
m. 


m. 
m. 
m . 


23 


m . 

m. ... 

m 

.rsa  41 

Chemoffsky  JBay 

Umnak  Paaa 

(  54  01  00 

Off  Hogg  Island 

Akutan  Pass 

m  55  30 
5:)  58  00 
54  11  00 
54  19  00 
54  34  00 

54  46  00 

55  26  00 

55  41  00 

56  01 
55  49 
55  19 
55  49 
54  27 
52  55 
52  39  30 
51  09  30 
49  05  00 

Entrance  Straits  Fuca 
47  27  20 


167  00  00 

ie?  ie '66 


166  52  30 


30 
UO 
00 
00 
00 
30 


163  26  00 
162  37  00 
160  37  00 
159  40  00 
158  47  00 
157  43  30 
155  26  00 
154  48  00 
153  52  00 
150  41  00 
147  16  30 
141  58  00 
137  37  00 
132  25  30 
132  38  00 
130  12  45 
126  24  00 


45  22 
43  00 
40  24 

38  58 


m — 
m.  •«. 


00 
00 
20 
30 

33  11  00 
32  30  00 
31  40  00 
31  06  00 
30  18  30 
29  30  30 
28  49  00 
28  05  00 
27  06  30 
26  30  00 
25  45  00 
25  07  00 
24  25  00 
23  49  00 
23  10  00 
22  33  00 
21  57  00 
21  30  00 
20  52  00 
20  20  00 
19  52  00 
19  25  00 
19  02  00 
18  38  00 
18  14  00 
17  58  00 
17  42  00 
17  26  00 
14 


17 
16  59 


00 
00 


Off  Acapulco 


125  17  00 
125  05  00 
124  36  00 
124  33  30 
124  01  20 

118  58  00 
118  32  00 
118  02  00 
117  34  00 
116  57  00 
116  37  00 
116  18  00 
116  02  (10 
115  47  00 
115  20  00 
114  42  (K) 
114  OG  00 
113  25  00 
112  52  00 
112  11  30 
111  35  00 
110  57  00 
110  17  00 
109  40  00 
108  55  00 
108  18  00 
107  30  00 
IOC  45  00 
105  5«  00 
105  06  00 
104  15  00 
103  22  00 
102  30  00 
101  38  00 
100  43  00 


Depth. 


Fint. 
Snrfaco . 

. .  do 

..do  — 
-  -do  — 
.  -do  ... 

..do 

..do... 

.  .do 

..do 

.  .do  ... 

..do 

.  .do 

.  .do  ... 
..do  — 

..do 

. .  do 

..do 

. .  do 

.  .do 

.  .do 

..do 

..do 

.  .do 

.-do 

.  .do 

.  -do 

.  .do 

..do 

..do  — 
.  .do  — 
. .do  . . . . 
.  .do  . . . . 

.  .do 

. .do  .... 
..do 


.do  . . . 
.do  ... 
do... 
.do  ... 
.do ... 
.do ... 
.do  .., 
.do... 
.do . . . 
.do ... 
.do... 
.do ... 
.do., 
-do... 
.do ... 
-do ... 
.do... 
.do... 
-do . . , 
.do . .. 
.do  . . , 
-do . . . 
.do  ... 
.do  . . . 
.do... 
.do... 
.do., 
.do ... 
.do ... 
.do . . , 
.do . . . 

40,r, 


eS  bi 

cs.fi 
hi  -«-> 

a 

SI 

H 


51 
57 
55 
54 
52 
55 
50 
49 
48 
52 
54 
47 
50 
55 
52 
51 
52 
51 
53 
51 
53 
53 
52 
55 
56 
58 
58 
58 
54 
56 
54 
57 
52 
53 
54 

59 
57 
59 
60 
61 
61 
60 
62 
61 
66 
66 
65 
68 
70 
70 
69 
72 
72 
72 
75 
76 
76 
75 
75 
79 
81 
78 
79 
81 
80 
75 

8Q 


o 
u 

a 

H 


48 
50 
00 
53 
60 
60 
49 
48 
47 
49 
54 
56 
50 
60 
50 
52 
52 
53 
54 
54 
54 
54 
53 
55 
56 
59 
65 
59 
58 
56 
57 
55 
53 
54 
55 

55 
57 
56 
55 
60 
65 
59 
61 
64 
66 
66 
65 
66 
80 
69 
67 
74 
79 
71 
72 
76 
76 
75 
74 
81 
90 
77 
77 
81 
84 
77 

7« 


p<«e 


64 
64 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
04 
04 
64 
64 
04 
64 
64 
64 
64 
64 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
82 
82 
82 
82 
82 


1 


g 


ee 


"So 


1.0242 
1. 0242 
1. 0236 
1.0234 
1.0234 
1.0226 
1.0234 
1.0232 
1.0234 
1.0234 
1.0230 
1.0234 
1. 0230 
1.0230 
1. 0232 
1.0232 
1. 0232 
1.0230 
1.0230 
1.0232 
1. 0232 
1. 0232 
1. 0232 
1.0232 
1.0232 
1.0240 
1.0238 
1.0232 
1.0232 
1.0230 
1.0230 
1.0240 
1. 0242 
1.0242 
1. 0242 

1.0230 
1.0226 
1.0230 
1. 0230 
1.0230 
1.0232 
1.0234 
1.0232 
1. 0234 
1. 0234 
1. 0236 
1.0236 
1. 0238 
1.0238 
1.0238 
1.0238 
1. 02:^8 
1. 0240 
1.0240 
1.0234 
1. 0230 
1.0230 
1.0230 
1. 0232 
1.0230 
1.02;J2 
1.0230 
1. 0230 
1. 0226 
1.0228 


1.023928 
1. 023928 
1.024230 
1. 024030 
1. 02403C 
1. 023230 
1. 024030 
1.023830 
1.024030 
1. 024030 
1.023630 
1. 024030 
1. 023630 
1. 023630 
1. 023830 
1.023830 
1. 023830 
1. 023630 
1. 023630 
1. 023830 
1.023830 
1. 02:^830 
1  023830 
1. 023830 
1. 033830 
1. 023728 
1.023528 
1.022928 
1.022928 
1. 022728 
1. 022728 
1. 023728 
1. 023928 
1. 023928 
1. 023928 

1. 025340 
1. 024040 
1.  025340 
1. 025340 
1. 025340 
1. 025540 
1. 025740. 
1. 025540 
1.  025740 
1.  025740 
1.025940 
1.025940 
1.026140 
1. 026140 
1.026140 
1. 026140 
1. 026140 
1. 026340 
1. 026340 
1. 025740 
1. 025340 
1.025340 
1. 025340 
1. 025540 


025340 
025900 
025700 
025700 
025300 
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Beoord  of  ocean  temperatures  and  specific  gravities  hy  the  U.  8,  Fish  Commission 

Albatross,  July  1, 1889,  to  June  SO^  1891 — Continued. 


Date. 


Time  of 
day. 


1R91. 
Feb.  9 
10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
13 
14 
14 
14 
14 
15 
15 
15 
15 
16 
16 
16 
16 
17 
18 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
SSI 


Station. 


12  p.m. 

6a.m. 
12m... 

6  p.m. 
12  p.m. 

6a.m. 
12m... 

6  p.m. 
12  p.  m. 

6a.m. 
12m... 

6p.m , 

12  p.  m 

6  a.  m 

12m 

8  p.  m 

12  p.  m 

6  a.  m 

12m 

6p.  m 

12p.m 

6a.m 

12m 

6p.  m 

12  p.m...  J 

6a.m.... 

12m ' 

6p.m I 

12  p.  m ' 

6a.m ' 

12  m I  Panama,  U. 

12m ' 

7p.m. 
. ..oo  ... 
— do  ... 
...do  ... 
...do  ... 
...do... 
...do  ... 
. . .do  ... 
12  p.m. 

9a.m. 
. . .do  . . . 
. .  .no  ... 
...do  ... 
. .  .do  ... 
...do  ... 
...do  ... 
...do  ... 
...do  ... 

6p 
12  p 

6  a.m 
...do  .. 
. .  .do  . . 
...do  .. 
. .  .do  .. 
...do  .. 
. . .do  .. 
...do  .. 
...do  .. 
...do  .. 
. .  do  .. 
. .  .do  .. 
...do  .. 
12  m.. 
6p,m. 


Lat  N. 


Long.  W.     Depth. 


o     /     n 

16  22  00 

15  ^  00 

15  30  00 

15  15  00 

14  53  00 

14  28  00 

14  05  00 

13  47  00 

13  28  00 

13  17  00 

13  00  00 

12  30  00 

12  05  00 

11  41  00 

11  17  00 

10  45  00 

10  20  00 

9  55  00 

9  34  00 

0  10  00 

8  48  00 

8  25  00 

8  17  00 

54  00 

25  00 

18  00 

05  00 

06  00 
28  00 
06  00 


S 


7 
7 
7 
7 
7 
7 
8 
C 


m. 
m. 


■| 


07  00 
09  80 
09  30 
09  30 
09  30 
00  30 
09  30 
00  30 
09  30 
U  59  30 
6  35  00 
6  35  00 
6  35  00 
6  35  00 
6  3.*>  00 
6  35  00 
6  35  00 
0  35  00 
6  3.')  00 
0  17  00 
6  16  00 
6  10  00 
6  10  00 
6  10  00 
6  10  00 
0  10  00 
6  10  00 
0  10  00 
6  10  00 
6  10  00 
6  10  00 
0  10  00 
6  10  00 
6  10  OU 
6  11  00 
6  05  00 


O       I       II 

99  05  00 
98  22  00 
97  37  00 
96  50  00 
96  05  00 
95  22  00 
94  41  40 
93  57  00 
93  15  00 
92  35  00 
01  51  00 
91  10  00 
90  32  00 
89  55  00 
89  16  00 
88  43  00 
88  12  00 
87  35  00 
87  01  00 

80  17  00 
85  26  00 
84  37  00 
83  55  00 
83  10  00 
82  33  00 

81  52  00 
81  06  00 
80  23  00 
79  45  00 
79  32  00 


81 
81 


81  44 

81  44 


80  43  00 

81  05  30 
81  05  30 
81  05  30 
81  05  30 
81  05  30 
81  05  30 

05  30 
05  30 
81  15  00 
00 
00 
81  44  00 
81  44  00 
81  44  00 
81  44  00 
81  44  00 
81  44  00 

81  44  00 

82  05  00 

82  23  00 

83  06  OU 
83  06  00 
83  06  00 
83  06  00 
83  06  00 
83  06  00 
83  06  00 
83  06  00 
83  06  (X) 
83  06  00 
83  06  00 
83  06  00 
83  06  00 
83  16  30 
83  55  00 


o 

^ 


s 

i 


a 


t 

to 

I 


o 

0 

78 

82 

1.0228 

77 

82 

1.0228 

81 

82 

1.0228 

81 

82 

1.0228 

79 

82 

I.OXIO 

77 

82 

1.0228 

79 

82 

1.0228 

81 

82 

1.0228 

78 

82 

1.0228 

78 

82 

1.0226 

81 

82 

1.0226 

83 

82 

1.0224 

80 

82 

1.0224 

80 

82 

1.0222 

80 

82 

1.0222 

82 

82 

1.0222 

79 

82 

1.0226 

77 

82 

1.0228 

80 

82 

1.0226 

85 

82 

1.0226 

82 

85 

:.0204 

81 

85 

1.0212 

86 

85 

1.0204 

85 

85 

1.0206 

83 

85 

1.0205 

81 

85 

1.0205 

83 

85 

1.0212 

79 

85 

1.0224 

75 

85 

1.0220 

74 

85 

1.0222 

74 

85 

1.0222 

79 

85 

1.0222 

79 

K» 

1.0216 

79 

85 

1.0220 

79 

85 

1.0224 

79 

85 

1.0228 

79 

85 

1.C230 

79 

85 

1.0230 

79 

85 

1.0230 

79 

85 

1.0232 

79 

85 

1.0220 

83 

85 

1.0206 

83 

84 

1.0216 

83 

84 

1.0228 

83 

84 

1.0230 

83 

84 

1.0230 

83 

84 

1.0232 

83 

84 

1.0230 

83 

84 

1.0230 

83 

84 

1.0230 

81 

84 

1.0210 

81 

84 

1.0210 

81 

84 

1.0208 

81 

84 

1.0220 

81 

84 

1.0222 

81 

84 

1.0226 

81 

84 

1.0230 

81 

84 

1.0232 

81 

84 

1.0232 

81 

84 

1.0232 

81 

84 

1.0232 

81 

84 

1.0232 

81 

84 

1.0232 

81 

84 

1.0234 

81 

84 

1.0236 

84 

84 

1.U210 

84 

84 

1.0206 

INVESTIGATIONS  OP  THE  ALBATROSS. 
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^^card  of  ocean  temperatures  and  spedfio  ffravifics  by  the  U.  S.  Fish  Commission  steamer 
Albatross,  July  1, 1889,  to  June  SO,  1891 — Continued. 


I>%te. 


tfar 


laoi. 

y«l>.  26 

26 
26 
26 
20 
26 
20 
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
28 

1 
1 
2 
2 
3 
3 
3 
4 
4 
4 
4 
6 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
A 
8 
8 
9 
10 
11 

ao 


Time  of 
day. 


I- 


6  a.m. 
..do.. 
..do  .. 
..do.. 
..do.. 
..do.. 
.  .do  . . 
..do.. 
..do.. 
..do.. 
..do.. 
..do  -. 
12  m.. 
6  p.m. 
6  a.  m . 
.  .do  . . 
..do.. 
..do.. 
..do.. 
..do  .. 
.  .do  .  - 

-do.. 
.  do  . . 
..do.. 
12  m.. 
6  p.  m. 
.  -do  . . 
..do.. 
..do.. 
..do-. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
12  m.. 

6p.m 
12m.. 

6p.m 
12m.. 

6  p.m 
12m.. 

6  p.m 
12  p.m 

6  a.  m 
12m.. 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 
12  p. 

7  a. 
12  ro 

6  p. 
12  p.  m 

6  a.  m 
12m.. 

6  p.m 
12  p.m 

6a.ro 
12m.. 

7  p.m 
12  m.. 
— do . 

...do . 
6p.m 


m. 
m. 
ra. 


m. 
m. 
m. 


m. 


Station. 


L.at.K. 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
3 
2 
2 
2 
2 
2 
3 
3 
3 


56  00 
56  00 
56  00 
56  00 
56  00 
56  00 
m  00 
56  00 
56  00 
56  OU 
56  00 
56  00 
51  00 
50  00 
30  00 

:{0  00 

30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
30  00 
33  20 
32  45 
U  00 

49  00 
01  00 

50  00 

32  00 

33  00 

34  30 
34  00 

49  00 
09  00 
30  00 

50  00 


Long.  "W. 


Malpelo  Island 


O       I     II 

85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  10  30 
85  23  30 

85  41  00 

86  08  30 
86  08  30 
86  08  30 
86  08  30 
86  08  30 
86  08  30 
86  08  30 
86  08  30 
80  08  30 
86  08  30 
86  23  00 
86  45  00 
86  45  00 
86  45  00 

80  45  00 
86  45  00 
86  45  00 
86  45  00 
86  45F00 
86  45  00 
86  45  00 
86  58  20 
86  54  30 
86  40 
86  11 
84  55 
84  45  00 
83  55  00 
83  29  00 
83  03  00 
82  29  00 
82  23  30 
82  10  30 

81  57  30 
81  44  20 


00 
20 
00 


Depth. 


4 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
7 
7 
7 
8 


03  00 
30  00 
56  00 

58  30 
08  30 
29  00 
48  00 
19  20 
40  00 

59  00 
21  00 
26  00 
40  00 
00  00 
13  30 
29  00 
34  00 


81  31  00 
81  12  00 
80  52  30 
80  52  00 
80  34  00 
80  16  00 
79  58  00 
79  37  40 
79  25  30 
79  13  00 
79  02  00 
79  07  00 
79  17  50 
79  55  00 
79  39  00 
78  43  30 
70  35  00 


Fins. 
Surface . 
50 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 
Surface . 
. .  .do  — 
. .  .do  .  — 
25 
50 
150 
250 
350 
450 
550 
650 
900 
Surface . 

..  .do 

25 
50 
100 
200 
300 
400 
500 
600 
700 
Surface . 

...do 

. . .do  . . .. 

. . . do 

— do 

. .  .do  . ... 
...do.... 

— do 

. . .do  . . . . 
— do  . . . . 

. .  .do 

— do  . . . . 

. .  .do 

...do 

..  .do 

. . .do  . ... 

...do 

...do 

. . . do  . . . . 
— do  . ... 

. . . do 

...do 

. . -do 

...do 

...do 

. .  .do  . . .. 

...do 

...do 

— do  .... 
— do .... 
. .  .do 

•  •  vUw  •  •  •  4 


43 

h 

1. 

• 

1 

^5 

1^ 

3  g. 

ratnre   b 
thermom 

£ 
1 

1 

t 

A 

i 

I 

H 

H 
o 

o 

vS 

o 

84 

80 

83 

1.0216 

80 

83 

1.0228 

55.8 

80 

83 

1.0232 

51.3 

80 

83 

1.0232 

46.7 

80 

83 

1.0234 

80 

82 

1.0234 

40.3 

80 

■  82 

1.0234 

80 

82 

1. 0234 

39.1 

80 

82 

1.0234 

80 

82 

1.0236 

37.3 

80 

82 

1.0236 

36.8 

80 

82 

1.0236 

83 

80 

82 

1. 0212 

84 

79 

82 

1.0210 

81 

79 

85 

1.0208 

76.4 

79 

85 

1. 0214 

58.9 

79 

85 

1.0222 

54.4 

79 

85 

1.0224 

48.8 

79 

85 

1.0226  1 

44.9 

79 

85 

1.0226  1 

42.8 

79 

85 

1.0220 

41 

79 

85 

1.0226  , 

79 

85 

1. 0228 

38 

79 

85 

1.0230 

85 

82 

85 

1.0205 

84 

8;^ 

85 

1.0205 

73.7 

83 

85 

1.0208 

58.9 

83 

85 

1. 0220 

55.8 

83 

85 

1.0222 

50.9 

83 

85 

1. 0224 

45. 9 

83 

85 

1. 0224 

44.7 

8'i 

85 

1. 0226 

41.5 

8!] 

85 

1.0226 

40.4 

83 

85 

1. 0226 

38.8 

83 

85 

1.0228 

84 

84 

85 

1.0205 

84 

85 

85 

1.0205 

83 

84 

80 

1. 0214 

82 

85 

80 

1.0214 

82 

84 

80 

1.0220 

81 

83 

80 

1.0220 

80 

82 

80 

1.0220 

,  80 

82   80 

1. 0224 

79 

78  !  80 

1.0226 

77 

77 

80 

1.0230 

78 

80 

80 

1.0228 

77 

79 

80 

1.0228 

77 

77 

80 

1. 0228 

77 

77 

80 

1.0226 

78 

79 

8U 

1.0228 

78 

83 

80 

1. 0228 

77 

78 

80 

1.0230 

77 

78 

80 

1.0228 

77 

80 

80 

1.0228 

77 

78 

80 

1. 0230 

76 

77 

80 

1.0230 

75 

76 

80 

1.0230 

76 

79 

80 

1. 0230 

75 

78 

81 

1.0230 

75 

77 

83 

1.0232 

74 

75 

8:{ 

1.0232 

74 

79 

83 

1.0233 

74 

77 

83 

1.0232 

73 

77 

83 

1. 02:  J2 

73 

77 

83 

1.0232 

70 

76 

83 

1.0234 

1 

.  75 

\  82 

\  «a 

W.im'i 

\ 

3^ 

1l 


0^ 


I 


b,r« 


or* 

CO 


.023906 
.  025706 
.  0*26106 
.026106 
.026306 
.026100 
.026100 
.026100 
.026100 
.026300 
.026300 
.026300 
.023920 
.023720 
.024080 
.024680 
.025480 
.025680 
.025880 
.  025880 
.025880 
.025880 
.  026U80 
. 026280 
.  023780 
.  021780 
.023980 
.025280 
.025480 
.  025680 
.  025680 
.025880 
.025880 
. 025880 
. 026080 
. 023780 
.  023780 
.023740 
.023740 
.024340 
.024340 
.  0241140 
.024740 
.024940 
. 025340 
.  025140 
.  025140 
.  025140 
.024940 
. 025140 
. 025140 
.025340 
.  025140 
.  025140 
.  025340 
.  025340 
. 025340 
.  025340 
.025906 
.026106 
. 026106 
.  026206 
.  026106 
.  026106 
.026106 
.Q263M 
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Record  of  occun  temperaturcH  and  Hpecific.  (fravities  hy  the  U.  S.  Fish  Commission  stefimer 

Albatross,  July  1,  ISSO,  to  June  30,  1801— ContiuuGd, 


Date. 


isgi. 

Har.  20 
21 
21 
21 
21 
22 
22 
22 
22 
23 
23 
23 
23 
24 
24 
24 
24 
25 
25 
25 
25 


26 

26 

26 

26 

27 

27 

27 

27 

28 

28 

29 

1 

2 

2 

3 


Apr. 


4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

8 

9 

0 

9 

9 

10 

10 

10 

11 

11 

15 

15 


Tlmo  of 
day. 


12  p. 

6  a. 
12  m 

Op. 
12  p. 

6  a. 
12  m 

6p, 
12  p. 

6a. 
12  ni 

8  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6  a. 
12  ra 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 
12  p. 

6  a. 
rim 
12  m 
12  m 
12  m 

6  p. 
12  m 

12  m 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 

6a. 
12  m 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 
12  p. 

6  a. 
12  m 

6  p. 
12  p. 

8  a. 

6  p. 
12  p. 

6a. 
12  m 

6  p. 
12  p. 


m. 
m. 


m. 
m. 
m. 


Staliuu. 


m. 
m. 
m . 


ro. 
m. 

m. 


m. 
m. 
m . 


m. 
m. 

m. 


m. 
m. 
m. 


111. 
m. 
m . 


m.. 


m. 
m. 
m. 


m. 
m. 
m. 


0  41  00 
0  31  00 
0  19  00 
0  07  00 
Sontb. 
0  05  00 
0  18  00 
0  23  00 
0  27  00 
0  35  UO 
0  40  00 
0  45  00 
0  51  00 

Off  Chat  ham  iBlaiul . . . 

I    1  01  00 

Wri'ck  Bay 

Charles  Inland 

Duncan  Inland 

Indefatigablo  iHland  . . 

0  01  00 

;  North. 


LaJ . : 

N. 

o  / 

II 

7  42 

00 

6  50  00 

5  56 

10 

5  13 

00 

4  32 

00 

3  51 

00 

3  00 

30 

2  31 

00 

2  02 

00 

1  33  00  1 

1  07 

30 

1  05  00 

1  05 

30  i 

1  04  00 

1  04  30 

0  56  30 

0  47  00 

1^)11?;.  w 


.1 


1 
1 
1 

o 


I  2 


m. 
m . 


m. 
m. 
m. 


m. 
m. 
m. 


m 

m 

m 

m 

m 

m 


m. 
m. 


05  (K) 
23  00 
5i  00 
14  00 
30  00 
3  17  00 

3  55  00 

4  34  00 

5  13  00 
5  53  00 
7  10  00 

7  54  00 

8  31  00 

9  OH  00 
9  45  00 

10  2.i  00 

10  58  00 

11  33  00 

12  OH  00 

12  45  00 

13  33  30 

14  09  00 

14  40  00 

15  28  00 

15  49  00 

16  10  00 
16  32  00 

16  50  00 

17  05  00 


o  /  n 

79  52  00 

80  09  00 
HO  28  00 
80  32  00 
HO  30  00 
HO  28  30 
HO  30  30 
80  24  00 
80  19  00 
80  12  00 
80  05  00 
HO  21  00 
80  37  (►O 

80  53  00 

81  14  30 
HI  40  00 
H2  06  00 
H2  32  00 

82  59  00 

83  20  00 

83  56  00 

84  23  00 

85  03  00 

85  34  on 
H6  05  00 

86  36  00 

87  06  30 

87  40  00 

88  14  00 


89  22  00 


90  23  00 

91  17  00 
91  30  00 
91  43  Oi) 

91  56  00 

92  09  00 

92  31  00 
i)2  51  00 

93  14  00 

93  35  00 

94  03  00 

94  59  00 

95  27  00 
95  43  00 

95  59  00 
90  15  00 

96  30  30 
96  44  00 

96  58  CO 

97  12  00 
97  26  00 

97  57  30 

98  18  00 
98  40  00 
98  10  00 
98  09  00 
97  5H  00 
97  4H  40 

100  20  00 
100  58  00 


Dt-pth. 


Fmg. 

Surface 

. .  do  . 
. . . do  . 
.-  -do  . 
...do  . 
. .  .do  - 
. .  -do  . 
. .  -do  . 
. . -do  . 
. .  -do  . 
. . -do  . 
. . -do  . 
. . . do  . 

..do  . 
, . . do  . 

..do  . 
. .  -do  . 
, . .  do  . 
. .  -do  . 
. .  -do  . 

. .  do  . 


.do 

.do 

-do 

do 

do 

do 

.do 

do 

.do 

.do 

do 

-do 

.do 

.do 

.do 


-do 

do 
-do 

do 

do 
.do 
-do 
-do 

do 
.do 
-do 
.do 
-do 
.do 
.do 

do 
.do 
.do 

do 
.do 

do 
.do 

do 
.do 

do 
.do 
.do 
.do 
.do 


.a 


«  »4 

.  *- 

-a 

s 

H 


73 

74 
74 
75 
75 

78 
79 
80 

80 
79 
80 
S4 
80 
80 
82 
84 
80 
81 
82 
82 
82 

81 

m 

8:i 
82 
83 
82 
83 
82 
82 
82 
81 
80 
81 
82 
81 

82 
82 
81 
82 
83 
84 
83 
82 
83 
82 
81 
82 
81 
82 
82 
83 
83 
82 
81 
83 
83 
83 
82 
84 
82 
80 
82 
80 
80 


1^ 


es 

£ 

H 


o 

78 
75 
78 
81 
76 
77 
81 
82 
80 
78 
80 
83 
80 
79 
82 
83 
80 
80 
81 
81 
81 

80 
83 
83 
81 
81 
82 
83 
81 
81 
83 
82 
83 
83 
82 
80 

81 
81 
79 

78 
84 
83 
81 
81 
82 
82 
81 
83 
82 
82 
81 
83 
83 
81 
80 
84 
83 
82 
83 
83 
81 
79 
83 
79 
78 


£  - 

es 

H  •'• 

8  P. 

H 


83 

K3 
83 

83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
8:{ 
83 
83 
83 
83 
83 


83 
83 
83 
83 
83 
83 
83 

m 

83 

a3 

83 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
S4 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
67 
66 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


83  1, 

83  I  1 

83  i  1. 

83  I  1. 

83  j  1. 

8,3  1  1. 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


0234 
0232 
0232 
0230 
0228 
0228 
0226 
0226 
0220 
0225 
0225 
0225 
0223 
0223 
0226 
0226 
0226 
0228 
0226 
0226 
0224 

0224 
0218 
0216 
0218 
0218 
0216 
0220 
0220 
0220 
0220 
0222 
0224 
0224 
0222 
0220 


1.0222 
1.0222 
1.0222 

1. 0221 
1.0222 
1.  0224 
1.0226 
1.0226 
1. 0230 
1. 0230 
1. 02:iO 
1. 0226 
1.0224 
1.0-224 
1.0224 

1. 0222 
l.tr222 
1. 0222 
1.0222 
1. 0224 
1. 0224 
1.0224 
1.0226 
J.  0226 
1.0228 
1. 0228 
1.0228 
1.0256 
1.0258 


*3  « 


•^  t-  u 

■r  ** = 

o    r  ss 
ear  ■     • 

CO 


1.026306 
1.026106 
1.026106 
1.025906 
1.025706 
1. 025706 
1.025506 
1. 0-25506 
1.  025.506 
1. 025406 
1. 025406 
1. 025406 
1. 025206 
1. 025206 
1. 0255U6 
1. 025506 
1. 02.5506 
1. 025706 
1.025506 
1. 025506 
1.025306 

1. 025.306 
1.024706 
1. 024506 
1.024706 
1. 024706 
1.024506 
1.024906 
1. 024906 
1.024906 
1.024906 
1.0*25106 
1.025306 
1. 0-25:{06 
1. 025106 
1.524906 

1. 025106 

1.025106 

1. 025292 

1 

1 

1 

1 

1 


025192 
025292 
(•25492 
025692 
t)2,'>692 
1.  (126092 
1.026IS2 


1. 
1. 
I. 
1. 
1. 
1. 


02(KW2 
025692 
025492 
025492 
0*25492 
025292 
1.02.'>292 
1.  025292 
1.025292 
1.025492 
1.025492 
1.025492 
1.025692 
i.  025692 
1.025892 
1.025892 
1.025892 
1.025767 
1.025620 
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Ji^cor^  of  ocean  temperatures  and  specific  gratnties  by  the  U.  S.  Fink  Commission  steamer 

Albatross,  July  1, 1889,  to  June  30,  i,J6'5— Continued. 


I>mt«. 


Time  of 
day. 


6  a. in. 

12m... 

6  p.m. 

12  p.m. 
0a.m. 

12m... 

6  p.m. 

6a.m. 
12m... 

13  m... 
12m... 
lam... 
12m... 
12  m  . . . 
12m... 
rim... 
12m... 
12m... 
12m... 
12m  ... 
12m-.. 
12  m... 
I2m... 
12m... 


Station. 


Lat.  N. 


17 
17 
18 
18 
19 
19 
20 
20 
21 
22 
24 
25 
26 


20 
43 
12 
41 
10 
44 
02 
46 
07 
58 
20 
33 
58 


// 

00 

00 

00 

00 

00 

40' 

00 

00 

30 

00 

30 

00 

00 


Guaymaa,  Mexico. . 
27  33 


25 
Z\ 
24 
26 
28 
30 


06 
07 
41 
40 
51 
44 


00 
00 
00 
30 
00 
30 
30 


Long.  W. 


San  Diego,  Cal 


33  55  40 
35  49  30 


o  /  // 

101  34  00 

102  10  30 

102  58  00 

103  37  00 

104  16  00 

104  56  30 

105  17  00 
ia5  59 

106  21 

107  20  00 

108  34  80 

109  50  00 

110  49  30 


00 
30 


110  02  00 

109  51  00 

110  08  00 
112  16  30 

114  06  30 

115  00  30 

116  13  45 


118  54  20 
121  36  00 


Depth. 


Fni9. 

Surface 

..do  .. 

...do  .. 

.  -do  .. 

..do.. 

. .  .do  .. 

...do.. 

. .  -do  . . 

.  .do  .. 

...do  .. 

..do.. 

. .  .do  . . 

..do-. 

.-  -do  .. 

...do  .. 

..do  .. 

..do  .. 

...do  .. 

. .  .do  . . 

.  .do  .. 

.  .do  . . 

..do  .. 

.  .do  . . 

..do  .. 


'g 

ee 
u   S 


H 


78 
80 
80 
70 
77 
74 
72 
74 
75 
73 
71 
71 
71 
71 
71 
72 
65 
62 
64 
57 
57 
65 
60 
58 


.£3 


4> 

P. 

s 

H 


o 

76 

79 

77 

70 

74 

75 

74 

72 

1 1 

75 

70 

73 

74 

72 

7:1 

72 

75 

67 

66 

57 

57 

()5 

GO 

62 


ai 
-•3 

■*-»  ^ 

«  OS 

Si:- 


66 
66 
60 
60 
66 

m 

66 
66 
60 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66^ 
66 
66 
66 
66 


s 

"Z 


•^  A 


rs  ^ 

£  4> 

r  ♦- 

^    01 

-aJ^ 

ti  f^^^ 

hjs 

g 

58  t: 

^v 
^ 

0    : 

a: 

«0 

5jo  0 

c^ 

■^ 

cc 

.  0258 

1.025820 

.  0250 

1.025620 

.  0256 

1. 025020 

.  0256 

1.02.^620 

.  0256 

1.025020 

.  0256 

1. 025020 

.  02r.6 

1.02'»n20 

.  0256 

1.025t;20 

.  02(50 

1.020020 

.  0258 

1.02.-»H20 

.0251 

1.U25420 

.  02.'.0 

1. 025620 

.  02r>0 

l.<i20(»20 

.  0262 

1.020220 

.  0202 

I.  020220 

.  0256 

1.025020 

.  0254 

1.025420 

.  ()2:)0 

1.025020 

.  0250 

1.025020 

.  024  H 

:. 024820 

.  0250 

1.025020 

,  0248 

1.024H20 

.  0250 

1.025020 

.  0250 

1.  025020 
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2.— REPORT  OF  OBSERVATIONS  RESPECTING  THE  OYSTER 
RESOURCES  AND  OYSTER  FISHERY  OF  THE  PACIFIC  COAST 
OF  THE  UNITED  STATES. 


By  Charles  H.  Townsend. 


CALIFORNIA. 

BAN  FRANCISCO  BAY. 

The  oyster  industry  of  the  Pacific  coast,  exclusive  of  the  trade  in 
the  small  indigenous  species,  has  never  extended  beyond  the  limits  of 
the  bay  of  San  Francisco,  where  it  has  been  restricted  to  the  growing 
or  fattening  of  seed  or  yearling  oysters,  brought  annually  in  large 
quantities  from  the  Atlantic  coast  and  kept  in  the  waters  of  the  bay 
until  they  attain  a  marketable  size.  Although  this  method  of  supi)ly- 
ing  the  market  has  been  practiced  by  the  oyster-dealers  of  San  Fran- 
cisco for  many  years,  so  that  since  the  completion  of  the  first  overland 
railroad  there  has  constantly  been  a  supply  of  eastern  oysters  in  the 
bay,  it  has  generally  been  understood  that  there  was  no  natural 
increase  of  the  species,  its  alleged  failure  to  propagate  being  usually 
attributed  to  the  low  temperature  of  the  water.  Some  recent  studies 
of  the  oyster  beds  and  of  the  lihysical  conditions  of  the  bay  of  San 
Francisco  by  myself,  under  the  direction  of  the  United  States  Commis- 
sioner of  Fish  and  Fisheries,  liave  yielded  data  sufficient  to  warrant  a 
review  of  the  entire  subject  in  a  new  light. 

The  interesting  fact  that  oysters  do  propagate  in  San  Francisco  Bay, 
in  certain  favorable  localities  at  least,  calls  for  some  explanation  as  to 
the  long  acceptance  by  the  public  of  the  statement  that  there  has  been 
no  natural  increase.  This  state  of  things  may  have  resulted  from  one 
or  more  of  the  following  conditions,  perhaps  in  part  from  all  of  them, 
namely:  The  popular  knowledge  of  the  low  temperature  of  the  water 
as  compared  with  the  same  latitude  on  the  Atlantic  coast;  the  peculiar 
situation  of  the  localities  where  the  imported  oysters  were  laid  out;  the 
enemies  they  were  known  to  have  in  Pacific  waters;  and  the  lack  of 
sufficient  public  interest  to  demand  the  study  and  outlay  necessary 
to  discover  the  real  truth  respecting  the  life  of  the  eastern  oyster  in 
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California  waters.  Doubtless  one  reason  for  the  lack  of  information 
necessary  to  effect  a  change  in  the  method  of  handling  oysters  is  the 
fact  that  all  the  minor  firms  engaged  in  the  business  were  early  merged 
into  one  or  more  important  companies,  which,  having  practically  the 
control  of  the  entire  oyster  industry  of  the  Pacific  coast,  had  no  need 
to  change  the  methods  of  a  business  already  profitable.  Importations 
of  seed  oysters  from  Atlantic  waters  have  therefore  been  made  annually 
almost  to  the  i^resent  time,  while  it  is  by  no  means  proven  that  seed 
oysters  can  not  be  raised  in  that  region.  The  methods  of  nearly  twenty 
years  ago  are  still  in  vogue,  the  only  advancement  made  being  the 
larger  scale  on  which  the  business  is  now  conducted. 

The  subject  of  oyster-culture  does  not  appear  to  have  engaged  the 
attention  of  the  State  fish  commission  at  any  time,  or  at  least  it  is  not 
mentioned  in  such  of  the  published  reports  as  are  accessible,  and  nothing 
has  ever  been  done  in  California  in  this  direction  beyond  the  enactment 
of  the  usual  laws  relating  to  such  fisheries. 

During  occasional  visits  to  the  oyster  beds  in  1889  I  found  proof  of 
considerable  natural  i)ropagation  of  the  eastern  oyster  in  the  southern 
part  of  San  Francisco  Bay,  and  transmitted  evidence  of  the  same  to 
the  United  States  Commissioner  of  Fish  and  Fisheries,  who  directed 
that  an  examination  be  made  in  order  to  determine  to  what  extent 
this  had  taken  place. 

My  studies  on  this  subject  were  limited  to  such  times  as  the  U.  S. 
Fish  Commission  steamer  Albatross  was  detained  at  the  port  of  San 
Francisco,  and  even  then  they  were  secondary  to  my  regular  duties  as 
naturalist  of  the  vessel. 

The  investigations  were,  therefore,  made  very  irregularly,  and  at 
different  seasons  of  the  year,  as  follows :  February  and  October,  1890, 
and  May,  June,  September,  and  October,  1891.  A  few  days  in  June, 
1891,  were  devoted  to  an  examination  of  Tomales  Bay,  and  two  weeks 
in  September,  1891,  were  spent  in  visiting  the  native  oyster  beds  of 
Olympia  and  Willapa  Bay.  In  this  work  I  frequently  had  the  use  of 
one  of  the  steam  launches  belonging  to  the  steamer  AlbatrosSy  which 
enabled  me  to  examine  every  portion  of  San  Francisco  Bay,  employing 
baymen  as  pilots  for  the  narrower  channels  wiien  necessary. 

In  view  of  the  great  success  that  attended  the  introduction  of  certain 
Atlantic  species  of  mollusks  and  fishes  into  tlie  waters  of  California, 
such  as  the  soft-shelled  clam,  shad,  striped  bass,  carp,  catfish,  etc.,  there 
was  reason  for  expecting  similar  results  from  the  introduction  of  the 
oyster.  The  investigations  of  this  subject  have  simply  disclosed  the 
facts  that  the  oyster  has  to  some  extent  adapted  itself  to  the  new  habi- 
tat in  common  with  the  other  introduced  species  and  that  in  spite  of 
many  unfavorable  conditions  it  is  slowly  increasing.  Future  study  with 
reference  to  oyster-culture  on  the  Pacific  coast  should  be  made  in  the 
light  of  these  facts. 
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Temperature, — ^The  popular  belief  that  the  low  temperature  of  the  water 
of  San  Francisco  Bay  has  prevented  the  increase  of  the  oyster  is  not 
bsksed  on  any  exact  information  on  the  subject.  The  temperature  of  the 
bay  in  the  Ticinity  of  the  city  of  San  Francisco,  usually  not  much  higher 
ill  summer  than  in  winter,  was  early  assumed  to  be  too  low  for  oyster 
propagation;  and,  from  the  lack  of  special  evidence  of  oyster  increase, 
tills  gradually  became  the  common  explanation  to  casual  inquirers  about 
the  matter,  no  one  making  any  attempt  to  disprove  it,  although  the 
spat  from  imported  oysters  has,  it  seems,  been  developing  and  growing 
in  secluded  places,  doubtless  from  the  very  start.  The  oyster-growers 
apparently  keep  no  record  of  temperatures,  or  of  other  observations 
tbat  would  throw  light  upon  the  physical  conditions  of  the  bay  during 
tb©  different  seasons  of  the  year. 

IVIr.  M.  B.  Moraghan,  an  oyster-dealer  of  San  Francisco,  says  that 

tbo  temperature  at  his  oyster  beds  at  Millbrae  ranges  from  58°  to  65^  F. 

-A.t  the  extreme  southern  end  of  the  bay  the  summer  temperature  has 

''^o^ntly  been  found  to  be  much  higher,  ranging  from  G7o  to  74°  F.  for 

^'^Jy  and  August.    My  personal  observations  on  the  temperature  were 

^^    dourse  limited  to  times  when  the  Albatross  happened  to  be  in  port, 

^^^^cl  as  this  never  occurred  in  summer  the  most  important  season  is  as 

3r^t;  but  little  understood.    The  importance  of  studying  this  subject  is 

^^ident  when  the  influence  of  the  marked  rainy  and  dry  seasons  of 

CoJifornia  upon  the  waters  of  the  bay  is  considered.    Although  the 

^^'^t^r  never  reaches  the  sununer  warmth  of  corresponding  latitudes  on 

^l^€i  Atlantic  coast,  the  temperature  is  more  equable  than  that  of  most 

X*^B<res  upon  the  Atlantic  coast  where  oysters  grow,  and  the  extremes 

^^   temperature  are  within  those  of  such  regions.    It  may  be  that  the 

^^tnperature  during  the  spawning  sel^son  of  the  oyster,  which  is  of 

^^vixse  the  critical  period,  is  low  enough  to  seriously  limit  the  quantity 

^^  spat  developed,  but  this  can  readily  be  determined  by  a  careful 

^tudy  of  the  beds  at  the  proper  season,  which  has  not  yet  been  done. 

Dxperiments  in  the  artificial  propagation  of  the  oyster  indicate  that 

^le  nearer  the  temperature  to  70^  the  more  likely  is  success.    During 

the  latter  part  of  October,  1890, 1  found  the  temperature  of  the  southern 

part  of  the  bay,  near  Belmont,  to  be  usually  61°  F.    On  the  same  dates, 

in  the  region  of  San  Mateo,  a  few  miles  nearer  the  sea,  it  was  1°  lower; 

while  at  California  City,  still  nearer,  it  was  57^,    Eecent  observations 

liave  shown,  however,  that  the  water  temperature  is  much  lower  in 

October  than  in  the  midsummer  season.    It  is  altogether  probable  that 

the  extreme  southern  portions  of  the  bay,  20  or  30  miles  back  from  the 

sea,  are  several  degrees  warmer  at  all  seasons  than  those  farther  north, 

since  the  region  is  more  sheltered  from  sea  winds  and  the  strong 

breezes  of  San  Francisco  are  less  noticeable  there.    The  French  system 

of  claires  would  frirnish  still  warmer  water  than  any  of  the  bays  of 

California.  ~ 
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The  following  table  aiid  diagram  of  observations  upon  the  temper- 
atures of  water  and  air  in  the  Golden  Gate,  at  7  a.  m.,  for  ten  years, 
1874  to  1883,  are  taken  from  Davidson's  "Pacific  Coast  Pilot.'' 

Table  showing  the  temperature  of  the  water  and  air  in  the  Golden  Gate  for  10  years,  from 

1874  to  ISSSy  inclusive. 

[Ob(»ervation8  taken  daily  at  7  a.  m.,  and  reduced  to  moutbly  meanM.] 


Month  H. 

Water. 

Air.            Water— Air. 

Jannarr 

50.49 
50.99 
r>2.  49 
r>4.  28 
56.46 
58.35 
58.88 
59.  23 
59.68 
57.83 
54.66 
51.94 

46.89 
49.21 
51.98 
54.72 
58.33 
60.27 
58.78 
58.00 
58.86 
.'i7.  30 
52.40 
48.58 

i-3.60 
+1.78 
-fO.51 
—0.44 
—1.87 
—1.92 
+0.10 
+1.23 
+0.82 
+0.53 
+2.26 
+3.35 

Februarv  

March 

April 

May - 

June 

Jiilv 

An^u.st 

September 

Oct'Ober 

November 

December 

The  data  contained  in  the  above  table  are  represented  graphically 
in  the  following  diagram : 
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Prof.  Davidson  says:  ^*The  lowest  temperature  of  the  water  is  for 
the  month  of  January,  50.49O;  and  the  highest  for  the  month  of  Sep- 
tember, 59.68^  F.,"  and  he  adds  that  *'the  temi)erature  of  the  air  follows 
very  closely  that  of  the  water.'- 

Hourly  water  temperatures  taken  by  the  Albatross  at  the  foot  of  Mar- 
ket street  and  at  the  Union  Iron  Works,  San  Francisco,  for  limited 
periods,  indicate  a  slightly  higher  temperature  than  in  the  Golden 
Gate,  as  may  be  seen  from  a  study  of  the  accompanying  table.  Tem- 
peratures taken  by  the  same  vessel  at  Mare  Island,  where  the  water  is 
more  subject  to  the  influence  of  the  Saeramento  River,  show  a  much 
lower  temperature. 
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Tiibls  of  hourly  changes  of  surf  ace -water  temperature  in  parU  of  San  Francisco  Bay, 

[Reduced  to  monthly  moans.] 


' 

Off  Market  street  and  Union  Ironworks,  San  Francisco. 

Mare  Island  navy-yard. 
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1    i*-"- 

66.3 

58.8 

69.2 

58.6 

66.1 

53.6 

52.5 

59.1 

53.5 

57.0 

54.3 

48.9 

42.5 

47.3 

/     2a.m.  56.2 

68.5 

59.0 

58.4 

65.9 

63.5 

52.5 

59.2 

53.5 

56.8 

54.0 

48.9 

42.5 

47.3 

/      3a.ni.   56.0 

58.5 

58.7 

68.6 

65.8 

53.3 

52.0 

59.1 

53.6 

56.6 

53.9 

48.9 

42.6 

74.1 

/      'Aa.m.    56.0 

58.7 

58.5 

58.6 

65.7 

53.3 

51.5 

59.2 

53.5 

56.6 

53.9 

48.8 

42.5 

46.9 

/      CSa-m.   56.1 

69.0 

60.7 

58.7 

55.7 

53.4 

60.5 

59.7 

53.2 

56.6 

63.8 

48.6 

42.3 

47.1 

/       «».m. 

56.3 

59.5 

60.2 

58.4 

55.4 

53.5 

50.5 

59.9 

53.7 

56.4 

53.9 

48.4 

42.2 

47.0 

/       ^a.m. 

56.6 

59.9 

61.0 

68.5 

55.7 

53.6 

50.0 

60.2 

53.5 

57.4 

64.3 

48.5 

42.2 

46.9 

/       -^a-m. 

56.9 

60.3 

61.2 

59.0 

55.9 

53.8 

52.0 

59.9 

53.7 

69.2 

54.9 

48.9 

42.8 

47.3 

/   ^^a.m. 

67.3 

61.3 

61.2 

59.4 

56.6 

64.0 

53.0 

60.1 

53.7 

59.4 

55.3 

49.1 

43.1 

47.9 

'    JOa.m. 

57.8 

61.4 

61.6 

69.3 

56.1 

54.0 

53.5 

60.3 

63.7 

59.4 

66.7 

49.6 

43.4 

48.0 

*Xa.m. 

58.6 

61.6 

61.5 

50.4 

56.5 

64.2 

53.5 

60.1 

64.0 

59.6 

56.5 

49.8 

43.7 

48.2 

-^«: ;  58.6 

61.8 

61.0 

69.6 

56.6 

54.4 

53.5 

60.0 

54.2 

60.6 

56.8 

50.2 

44.2 

48.5 

:i^p.m.'  58.9 

61.9 

62.0 

50.6 

57.1 

54.7 

55.0 

60.3 

55.2 

60.4 

57.5 

60.3 

44.8 

48.7 

22p.m.,  59.3 

62.3 

63.0 

59.8 

57.2 

54.8 

55.0 

60.4 

55.5 

60.8 

57.6 

50.3 

45.2 

48.8 
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69.7 
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•*^p.m. 
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63.0 
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60.4 

55.5 
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57.6 
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^p.m. 

58.9 
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62.3 

59.5 

57.2 

54.6 

53.5 

60.5 

55.5 
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57.2 

50.1 

45.0 

49.2 

^p.m. 

58.6 

61.5 

62.0 

59.1 

56.8 

54.3 

52.5 

60.0 

55.0 

60.0 

56.5 

49.8 

44.9 

48.9 

■y  p.  m . 

58.2 

60.9 

61.3 

58.9 

56.8 

53.9 

52. 0 

60.0 

54.0 

59.4 

56.0 

49.7 

44.6 

48.5 

^p.m. 

57.9 

60.3 

60.0 

58.7 

56.6 

53.7 

52.0 

59.9 

54.0 

59-4 

55.7 

49.5 

44.3 

48.2 

^p.m. 

57.3 

50.7 

60.0 

58.8 

56.5 

53.7 

51.0 

59.9 

53.7 

59.2 

55.5 

49.3 

43.9 

48.2 

,  XOp.m. 

67.0 

59.3 

60.0 

58.8 

56.3 

53.8 

51.5 

59.8 

53.5 

58. 6 

64.9 

49.1 

43.6 

48.1 

1    iiP™- 

56.9 

59.3 

69.7 

58.7 

56.1 

53.6 

52. 0 

59.7 

53.5 

57.4 

54.8 

49.0 

43.3 

47.6 

1  :a«:{d... 

56.7 

59.0 

59.3 

58.5 

56.1 

53.5 

52.0 

59.5 

53.7 

57.4 

64.4 

48.8 
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\i 

EK^oige. 
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66-61 

52-61 

50-59 
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42-57 
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series  of  temperatures  taken  in  Oakland  Creek  from  September  7, 
l^'OO,  to  May  20, 1891,  at  4  a.  m.  daily,  range  from  49.8o  for  December  to 
W.O<3  for  September.   The  temperatures  are  here  reduced  to  means  of 
ten  days. 

Tewpcratiirc  of  the  water  at  the  surface  in  Oakland  Creek,  San  Francisco  Bay,  from 

September  1, 1890y  to  May  SO,  1891. 

[Taken  by  Coast  Sorvey  steamer  Me  Arthur,  Lieut.  W.  P.  Ray,  IT.  S.N.,  commanding.] 


1890. 

o  F. 

1891. 

OF. 

Aug.  28  to  Sept.  7 

&i.9 
63.4 
55.0 
51.9 
49.2 
49.9 
51.0 
55.2 
54.3 
63.7 
49.8 
49.8 

1 

Jan.ltol0 

1  Jan.  1 1  to  20    

50.0 
50.6 
51.4 
51.2 
50.1 
51.0 
53.8 
56.4 
56.2 
57.1 
57.0 
58.6 
61.4 
61.4 

Sept.  8  to  17 

Sept.  18  to  27 

Jan.  21  to  30 

Sept  28 to  Oct.7 

Jan.  31  to  Feb.  9 

Oct.8to  17 

Fob.  10  to  19 

Oc  1 1 8  to  27 

Feb.  20  to  Mar.  1 

Oct  28  to  Nov.  6 

Mar.  2  to  11 

Nov.  7tol6 

Mar.  12  to  21 

Nov.  17  to  26 

Mar.  22  to  31 

Nov.  27  to  Dec.  6 

Apr.  1  to  Apr.  10 

Dec.  7  to  16 

A  pr.  1 1 1<»  20 

Dec.  17  to  31 

Apr.  21  to  30 

Mav  1  to  10 

May  11  to  20 
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Becent  summer  temperatures  taken  by  authority  of  the  United  States 
Fish  Commissioner  at  the  extreme  southern  end  of  the  bay,  through  the 
cooperation  of  the  Morgan  Oyster  Company,  have  yielded  valuable 
information,  the  water  of  that  part  of  the  bay  having  been  found  to 
have  a  summer  warmth  amply  sufficient  for  the  x)ropagation  of  the 
oyster.  The  important  table  of  temperatures  from  this  locality  is  con- 
densed to  means  often  days  from  a  lengthy  series  of  daily  observations 
at  both  high  and  low  tide. 

Temperature  at  the   oyster  bedSf  1  mile  from   Dumbarton  Point,  San   Frandsoo  Bay, 

July  12  to  October  12,  1891, 


Date. 


July  12  to  19 

July  20  to  29 

July  30  to  Aug.  8 

Aug.  9  to  18 

Aug.  19  to  28 

Aug.  29  to  Sept.  7 

Sept.  8  to  17 

Sopf.  18to27  .... 
Sept.  28  to  Oct.  7  . 
Oct.  8  to  12 


Air 

teu)i)or 

aturd. 


Surface-water 
temperature. 


OF. 
68. 
68.9 
67.3 
68.4 
72.3 
66.8 
66.4 
65.7 
64.2 
61.9 


High 
tide. 


OF. 
69.6 
70.9 
09.5 
70.3 
71.4 
70.7 
67.8 
66.1 
65.6 
63.2 


Low 
tide. 


OF. 
71.9 
71.9 
69.7 
70.7 
72.0 
69.1 
68.0 
67.3 
62.9 
64.0 


Range  of 
water 

tcmpeni- 
turo. 


OF. 

67  to  73 
09  to  74 

68  to  72 

68  to  72 

69  to.74 
67  to  72 
64  to  71 
64  to  70 
58  to  70 
62  to  65 


Peculiar  situation  of  the  oyster  beds. — There  are  at  present  no  eastern 
oysters  in  San  Francisco  Bay  that  are  not  laid  upon  tide  lands,  or 
so-called  mudflats,  completely  exposed  at  the  time  of  low  tide.  The 
principal  reason  for  the  selection  of  such  situations  is  that  the  beds  may 
be  readily  fenced  in  by  closely  set  stakes  to  protect  them  from  the  dep- 
redations of  the  stingray  {Myliohatis  calif  or  tiictis)^  which  enters  the  bay 
every  spring  and  is  the  principal  enemy  of  the  oyster  in  these  waters. 
In  this  complete  dependence  for  oyster-growing  upon  tide  lands,  fre- 
quently left  dry,  is  doubtless  to  be  found  one  explanation  of  the  slow 
increase  of  the  species.  The  California  summer  is  absolutely  dry  and 
rainless.  It  is  a  season  of  cloudless  skies  and  regularly  recurring  heat 
in  the  daytime;  therefore  an  oyster  bed  at  this  season,  when  the  tide 
is  out,  is  exposed  not  merely  to  the  air,  but  to  a  heat  sufficient  to  dry 
the  moisture  off  from  all  the  oysters  in  sight,  and  perhaps  injure  the 
majority  of  the  spat  that  might  have  been  attached  to  their  shells. 
If  embryo  oysters,  set  free  on  the  beds,  drift  with  the  receding  tides  to 
deeper  waters  outside  the  stake-protected  area  of  the  fljit«,  they  are 
exposed  to  the  stingrays  when  they  have  attained  sufficient  size. 

Stingrays,  and  the  stake  protection  employed  against  them. — The  Cali- 
fbruia  stingray  {Myliobatis  californicus)  enters  San  Francisco  Bay  in 
large  numbers  in  the  spring  and  remains  until  late  in  the  fall.  It  is 
said  to  be  as  destructive  to  oysters  in  these  waters  as  the  starfish  is  on 
certain  parts  of  the  Atlantic  coast.  It  has  heavy  flat  teeth,  arranged 
in  a  sort  of  pavement  in  each  jaw,  and  is  essentially  a  feeder  on  shell- 
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^sh.  Its  presence  requires  the  fencing  in  of  all  the  oyster  beds  in  the 
bay  with  closely  set  stakes  about  12  feet  long,  which  are  driven  about  4 
feet  into  the  ground.  Plates  8  and  9  show  the  nature  of  these  fences. 
When  a  broken  stake  allows  a  school  of  stingrays  to  raid  an  oyster  bed, 
the  surface,  after  the  tide  has  gone  out,  presents  much  the  appearance 
of  a  field  that  has  beeii  rooted  by  hogs.  Sometimes  the  oystermen, 
discovering  their  presence,  manage  to  entrap  them  inside  the  line  of 
stakes,  and  thus  destroy  many  of  them  during  one  low  tide. 

Fencing  oyster  beds  against  stingrays  constitutes  another  heavy 
expense  to  the  California  oystermen,  in  addition  to  the  annual  outlay 
Jbr  seed  oysters  from  the  Atlantic  coast.  The  fences  must  be  looked 
After  constantly  and  kept  in  repair.  The  heavy  winds  that  sometimes 
blaring  the  winter  season  cause  vessels  in  San  Francisco  Bay  to  drag 
^heir  anchors  do  great  damage  to  the  fences  of  the  oystermen,  which 
"Ihey  must  manage  to  have  in  good  condition  by  the  time  the  stingrays 
zreappear  in  the  bay. 

I  do  not  know  how  late  in  the  fall  stingrays  continue  to  menace  the 
oysters,  but  I  netted  a  few  small  specimens  in  San  Pablo  Bay  as  late 
^  November  7, 1890.    They  first  appear  in  April. 

The  danger  from  stingrays  is  probably  overestimated,  in  view  of 
^he  natural  increase  of  oysters  upon  wide  tracts  unprotected  by  stakes. 

Other  enemies  of  the  oyster. — The  drill  ( Urosalpinx  dnerea)  has  not 
Tbecome  troublesome  upon  the  oyster  beds  of  San  Francisco  Bay  until 
Tery  recently,  and  even  now  is  abundant  only  in  the  southern  part  of 
the  bay.  The  oystermen  showed  me  heaps  of  shells,  all  more  or  less 
<irilled  with  small  holes,  in  evidence  of  its  ravages.  At  the  Belmont 
l)€d8  I  had  no  difficulty  in  gathering  a  quart  of  these  mollusks  in  less 
than  ten  minutes  by  merely  turning  over  the  large  oysters  when  the 
water  had  receded  from  the  beds.  Sometimes  half  a  dozen  were  to  be 
found  on  a  single  oyster.  With  its  minute  "tongue- file''  this  creature 
drills  a  hole  through  the  oyster's  shell,  and  inserting  its  proboscis  into 
the  opening,  barely  large  enough  to  admit  a  pin,  it  feeds  directly  upon 
the  soft  parts. 

This  destructive  animal  may  have  been  introduced  much  earlier  than 
the  oystermen  suppose,  as  a  few  individuals  accidentally  imported 
among  the  original  oysters  would  require  several  years  to  increase  to 
the  present  numbers,  Mr.  Moraghan  informed  me  that  there  were  no 
drills  upon  his  beds  at  Millbr  ae,  which,  as  stated  above,  are  much  nearer 
the  sea  than  the  Belmont  beds.  If  they  are  restricted  to  the  Bel- 
mont beds,  as  seems  to  be  the  case,  it  would  pay  the  oyster-growers  to 
pick  them  off  as  far  as  possible.  Any  gathering  of  drills  that  would 
keep  them  in  check  is  important,  as  their  increase  will  cause  great  loss 
in  the  future. 

Two  species  of  crabs  are  found  upon  tlie  San  Francisco  oyster  beds, 
one  of  which  is  exceedingly  abuiidaut,  but  their  presence  has  probably 
99  effect  upon  ^he  o^ster^. 
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Large  numbers  of  shells  were  found  honeycombed  by  the  boring 
sponge. 

The  starfish  has  never  proved  troublesome  to  the  oyster  beds  of  the 
bay,  and,  in  fact,  is  seldom  found  upon  them.  It  is  doubtful  if  it  occurs, 
except  as  a  straggler,  farther  south  in  the  bay  than  the  wharves  of 
San  Francisco  and  Oakland,  and  requires  no  special  mention  in  this 
connection,  as  its  x)resence  upon  a  bed  would  be  readily  detected  at 
low  water,  when  stray  specimens  would  be  picked  off  by  hand  and  dis- 
posed of  effectually.  The  original  bedding-grounds  for  oysters  at 
Sausalito,  being  so  close  to  tlie  sea,  were  sometimes  visited  by  starfish, 
but  they  were  not  considered  troublesome. 

Preparation  of  ground  for  laying  out  the  oysters, — ^The  mudflats  are 
always  more  or  less  prepared  for  oyster-ground  by  gangs  of  workmen, 
who  level  the  surface  by  removing  the  elevations  and  filling  in  the 
depressions.  This  is  done,  of  course,  when  the  proposed  oyster  bed  is 
laid  bare  at  low  tide.  There  seems  to  be  very  little  improvement  of 
the  ground  by  the  use  of  old  shells  of  the  eastern  species.  Mr.  Mor- 
aghau  returns  the  shells  from  his  restaurant  stands  in  the  California 
market  in  San  Francisco  to  his  beds  at  Millbrae,  but  he  uses  them  for 
filling  depressions,  and  does  not  distribute  them  over  the  beds  as 
spat-collectors. 

Fixation  of  spat. — Not  only  are  the  chances  for  the  fixing  of  spat 
diminished  by  the  use  of  ground  in  some  places  where  there  are  very 
few  old  shells  upon  the  bottom,  but  almost  all  of  the  shells  of  Ostrea 
virginica  are  retui^ned  from  the  marketmen  to  the  principal  oyster  com- 
pany, who  sell  them  for  the  manufacture  of  lime,  instead  of  using  them 
for  the  improvement  of  the  beds.  These  shells  of  eastern  oysters,  if 
returned  to  the  beds  where  they  were  grown,  or  to  other  portions  of 
the  bay,  would  certainly  increase  the  chances  for  the  fixation  of  spat 
set  free  from  the  beds  where  adult  oysters  are  growing.  It  is  probable 
that  careful  attention  to  this  matter  of  increasing  the  fixing  surface 
required  by  the  young  oyster  anight  make  Just  the  difference  between 
rapid  self-propagation  and  the  present  slow  increase. 

So  far  as  has  been  ascertained,  no  recent  attempt  has  been  made  by 
anyone  to  collect  the  spat  of  Ostrea  virginica  in  San  Francisco  Bay, 
and  it  is  evident  that  the  prevailing  impression  that  there  is  no  propa- 
gation of  the  species  here  is  not  founded  upon  conclusions  based  upon 
actual  investigations.  Previous  to  my  first  examination  of  the  oyster 
beds,  a  gentleman  as  keenly  alive  to  matters  of  public  interest  as  any- 
one in  California,  and  a  member  of  the  original  Tide  Lands  Commission, 
said  to  me,  "You  will  find  that  the  oyster  does  not  propagate  here,'' 
A  general  impression  had  simply  grown  into  a  widespread  belief.  With 
the  exception  of  a  few  persons  connected  with  the  management  of  the 
oyster  business,  the  men  employed  in  the  industry  know  little  of  th© 
pubject  outside  of  the  peculiar  methods  practiced  in  Colifbrpia, 
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Hundreds  of  thousands  of  bushels  of  oyster  shells  have  been  dis- 
tributed over  the  bottom  of  Long  Island  Sound  in  deep  water,  as 
3ultch  to  which  the  oyster  spat  could  attach  itself,  with  the  very  best 
results.  Strewing  the  shells  of  eastern  oysters  in  the  slightly  deeper 
waters  just  outside  the  existing  beds  upon  the  tide  lands,  and  in  other 
)art8  of  the  bay,  might  furnish  the  lacking  element  in  these  waters — 
riz,  fixing-surfaces  for  spat.  Young  oysters  found  in  such  situations 
»uld  be  taken  up  before  the  next  annual  appearance  of  the  stingray 
ind  used  as  seed  oysters  in  the  customary  way.  It  would  seem  that 
here  are  possibilities  for  oyster-culture  in  San  Francisco  Bay  by  meth- 
ids  entirely  distinct  from  those  now  practiced  there. 

Etidences  of  natural  propagation, — One  of  the  first  indications  I  had  of 
he  natural  propagation  of  the  oyster  was  the  finding  of  young  oysters 
ix  months  or  a  year  old  upon  beds  where  those  three  or  four  years  old 
rere  kept.  They  were  in  most  instances  attached  to  clusters  of  dead 
hells  of  the  small  native  oyster.  Very  few  were  to  be  found  attached 
0  adult  specimens  of  Ostrea  virginica,  but  this  may  be  explained  by 
he  fact  that  such  oysters  are  frequently  handled«and  "laid  out''  to 
:eep  them  well  upon  the  surface  and  prevent  any  settling  in  the  mud. 
?he  handling  is  done  in  order  to  select  and  clean  the  largest  for  market, 
he  others  being  also  cleaned  of  the  ever-accumulating  native  oysters, 
rhich  would  involve  the  destruction  of  such  small  eastern  oysters 
is  might  be  among  them  upon  the  shells  of  the  large  oysters. 

The  fact  of  young  eastern  oysters  being  attached  to  anything  is 
►roof  that  they  grew  in  the  bay  where  they  were  found,  for  oysters  do 
LOt  have  the  power  of  fixing  themselves  a  second  time.  All  these  small 
ysters  are  knocked  off  the  large  shells  with  a  small  cleaning  hatchet, 
nd  the  operation  is  a  necessary  one,  as  the  extremely  productive 
Atives  cluster  upon  the  large  species  in  such  numbers  as  to  greatly 
aterfere  with  their  growth. 

In  October,  1891, 1  discovered  some  oysters  of  large  size  in  certain 
loughs  of  the  south  bay,  where  they  had  long  escaped  the  stingrays 
a  consequence  of  bars  which  shut  oft'  the  sloughs  from  all  but  the 
ighest  tide.  These  were  the  largest  oysters  seen  at  San  Francisco, 
nd  had  evidently  lain  there  for  several  years.  More  recently  I  obtained 
,  quantity  of  oysters,  apparently  two  years  old,  in  Oakland  Creek.  As 
he  oyster  beds  maintained  there  several  years  ago  by  Mr.  Doane,  now 
f  the  Morgan  Oyster  Company,  have  long  since  been  abandoned  and 
he  stakes  removed,  it  is  evident  that  a  limited  number  of  oysters  have 
ound  conditions  suitable  for  their  development  and  growth,  even  in 
his  muddy  place.  They  are  no  longer  found  on  the  mudflats,  where 
hey  were  originally  kept,  but  live  in  the  mud  of  the  channel,  from 
?hich  I  obtained  them  with  tongs. 

Mr.  Cleaveland  Forbes,  of  the  Spring  Valley  Water  Company, 
pibrmed  me  that  several  years  ago  be  found  full-grown  eastern  oysters 
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upon  the  piles  of  an  old  narrow-gauge  railroad  trestle,  across  a  slough, 
near  Dumbarton  Point,  and  that  the  men  of  his  party  frequently  found 
many  upon  banks  composed  of  shells  of  the  native  species,  near  where 
the  pipes  of  the  company  cross  the  bay. 

Mr.  H.  D.  Dunn  has  recently  reported,  through  the  press,  the  discov- 
ery of  a  fall-grown  eastern  oyster  near  Mile  Eock,  in  the  Golden  Gate. 

It  is  possible  that  during  the  long  time  eastern  oysters  have  been 
kept  in  the  bay  they  have  become  in  a  measure  acclimated,  and  that 
there  is  a  constantly  increasing  tendency  to  propagate — ^that  is,  the 
progeny  of  oysters  grown  here  become  hardier  with  each  generation 
and  better  adapted  to  the  colder  but  more  equable  waters. 

During  my  latest  examinations  of  the  bay  (May  and  June,  1891) 
eastern  oysters,  very  large  and  old,  were  found  in  the  following  places 
near  the  sites  of  former  oyster  beds:  Several  adhering  to  the  piles  of 
the  narrow-gauge  railroad  trestle  across  San  Leandro  Bay;  a  few  upon 
the  rocks  at  the  extreme  north  point  of  Sheep  or  Brooks  Island,  near 
low- water  mark;  a  few  upon  the  rocks  at  Point  San  Pedro  (at  entrance 
to  San  Pablo  Bay).  •  Those  from  San  Leandro  Bay  doubtless  originated 
as  spat  from  the  oyster  bed  near  the  entrance  to  that  bay,  at  the  end  of  the 
bay  northwest  from  the  island.  Those  from  Sheep  Island  had  merely 
drifted  as  young  across  the  half  mile  of  distance  from  the  old  beds 
near  Ellis  Landing,  while  the  San  Pedro  oysters  originated  upon  the 
beds  between  Marin  Island  and  Point  San  Quentin,  a  couple  of  miles 
distant. 

Mr.  H.  D.  Dunn  informed  me  that  wild  eastern  oysters  had  been 
reported  to  him  from  some  other  place  near  Point  San  Pedro,  but  I  did 
not  discover  them,  being  without  a  pilot.  These  finds  are  very  inter- 
esting, as  showing  not  only  the  breeding  of  the  oyster  in  various  parts 
of  the  bay,  but  that  the  species  began  breeding  several  years  ago  when 
oysters  were  laid  out  in  those  northern  parts  of  the  bay.  At  Point  San 
Pedro  oysters  are  directly  exposed  to  the  influences  of  the  Sacra- 
mento River.  But  the  largest  and  most  important  tract  of  oyster 
propagation  is  in  the  region  of  the  natural  shellbanks  of  native  oys- 
ters along  the  east  side  of  the  bay,  beginning  at  Bay  Farm  Island  and 
extending  well  southward  and  off*  into  deep  water.  Here  wild  eastern 
oysters  may  be  found  during  the  low  tides  that  expose  the  outer  por- 
tions of  the  shellbanks.  At  this  place  they  are  numerous,  and  when 
the  tides  are  sufficiently  low  it  is  possible  to  gather  them  by  the  score, 
ranging  in  size  from  yearlings  to  those  several  years  old.  This  deposit 
is  at  least  4  miles  removed  from  the  nearest  site  of  a  former  oyster 
bedding-ground,  and  there  is  no  doubt  about  the  oysters  ui>on  the 
whole  tract  being  of  volunteer  growth.  A  channel  several  feet  wide 
separates  this  tract  from  the  old  bed  on  the  north,  while  it  is  nearly  10 
miles  to  the  nearest  beds  on  the  south. 

Examination  of  two  or  three  hundred  oysters  gathered  in  this  region 
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native  oyster  (Ostrea  lurida).  Indeed,  there  is  nothing  on  this  whole 
bank  but  clean  shells  of  the  native  species.  The  bank  is  exposed  to 
heavy  seas  during  the  season  of  strong  winds,  and  many  eastern  oys- 
ters doubtless  become  buried  beneath  the  easily  drifted  shells  of  the 
small  natives.  It  is  probable  that  there  is  a  very  great  production  of 
eastern  oysters  here  that  we  know  nothing  of,  as  the  whole  tract  is 
accessible  to  stingrays,  which  prey  upon  every  kind  of  shellfish  outside 
[)f  the  stake-protected  beds.  It  is  also  probable  that  the  heavy  seas 
which  at  times  sweep  across  this  shallow  section  of  the  bay  and  actu- 
ally break  up  the  clusters  of  native  oysters  by  rolling  them  toward  the 
beaches,  have  an  injurious  effect  upon  newly  fixed  eastern  spat  by 
burying  them  beneath  the  drifting  shells. 

Considerable  quantities  of  wild  eastern  oysters  are  annually  gath- 
ered upon  this  and  other  shellbanks  in  the  bay.  They  are  retailed  in 
Oakland  and  Alameda  at  $1.50  per  100,  or  sold  to  the  oyster  compa- 
nies who  lay  them  out  on  their  fenced  beds  for  further  growth.  They 
are  obtained  when  unusually  low  tides  happen  to  expose  them.  No 
bpnging  or  dredging  is  done,  the  oysters  being  gathered  by  hand.  The 
work  is  performed  chiefly  by  boys.  I  have  no  means  of  knowing  the 
ijuantity  of  oysters  derived  from  this  source. 

It  api)ears,  tl^erefore,  that  there  are  other  parts  of  San  Francisco  Bay 
is  good  for  oyster-culture  as  those  now  inclosed,  and  that  the  increase 
of  wild  oysters  now  growing  there  would  be  more  rapid  if  they  were 
inclosed  and  afforded  similar  protection  from  heavy  seas,  stingrays,  etc. 

Spawning  season. — It  is  not  unlikely  that  the  oyster  spawns  here  as 
early  arS  on  the  north  Atlantic  coast,  as  the  warming  to  which  adult 
oysters  are  often  exposed  early  in  the  spring  during  low  tides  must 
have  a  tendency  to  hasten  the  process.  I  have  not  examined  them 
earlier  than  the  1st  of  May,  but  from  that  time  until  July  16  plenty  of 
them  are  to  be  found  ripe  with  eggs.  Of  other  months  I  can  not  speak 
personally.  Dr.  H.  W.  Harkness,  president  of  the  California  Academy 
of  Sciences,  informed  me  that  during  one  year  he  examined  many 
oysters  from  the  market  stalls  with  the  microscope,  and  he  expressed 
the  belief  that  oysters  could  be  found  with  eggs  during  most  mouths 
of  the  year.  Opinions  of  oystermen  differ  as  to  the  duration  of  the 
spawning  season,  but  from  April  to  August  seems  to  be  the  decision  of 
the  ms^ority. 

Notes  on  the  general  history  of  the  oyster  industry  of  San  Francisco 
Bay.—Jjive  oysters  were  first  brought  here  by  A.  Booth,  of  Chicago, 
about  the  year  1870,  when  the  first  overland  railroad  was  completed. 
A^rwards,  from  time  to  time,  others  engaged  in  the  introduction  of 
eastern  oysters,  and  they  eventually  brought  only  supplies  of  seed 
oysters,  which  were  bedded  until  they  became  marketable. 

Corville  &  Co.  established  an  oyster  bed  a  short  distance  south  of 
Point  San  Bruno  about  1872.    This  place  was  subsequently  owned  by 
Swanberg  &  West,  who  had  both  eastern  and  Willapa  Bay  oysters  at, 
Pinole  Point  at  one  time. 
H.  Mis.  113 23 
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Doane  &  Go.  once  had  Shoalwater  Bay  oysters  a  short  distance  north 
of  Point  San  Bnino,  but  they  were  lost  during  a  "northeaster,^  and 
the  locality  was  abandoned.  The  same  firm  kept  both  species  of  oysters 
in  Oakland  and  Alameda  creeks,  but  these  localities  were  abandoned 
with  the  increase  of  traffic  and  on  account  of  sewers. 

Before  the  introduction  of  the  eastern  species,  oyster-dealers  in  Saa 
Francisco  maintained  a  trade  in  Willapa  Bay  oysters,  which  is  con- 
tinued up  to  the  present  time.    As  these  oysters  are  obtained  readily^ 
from  their  natural  beds,  no  attempt  is  made  to  propagate  them  here^ 
they  are  simply  freshened  before  they  are  marketed.    The  localities^ 
originally  used  for  bedding  oysters  by  Morgan  &  Co.,  Doane  &  Go.^ 
Swanberg  &  West,  and  other  firms  now  consolidated  with  the  Morgai 
Oyster  Company,  viz,  Sausalito,  Point  San  Quentin,  Sheep  Island,  ani 
Oakland  and  Alameda  creeks,  have  all  been  abandoned  in  favor  ol 
localities  south  of  San  Francisco,  where  the  nearest  are  from  10  to  li 
miles  removed  from  the  influence  of  the  Sacramento  Biver,  and 
they  are  almost  free  from  deposits  of  sediment.    There  was  always 
large  percentage  of  loss  from  oysters  settling  in  the  mud  at  the  oh 
localities.    I  examined  all  these  old  beds,  but  found  no  oysters  on  an; 
of  them. 

When  oysters  are  removed  from  certain  localities  to  others  betterr^r 
suited  to  their  fattening,  the  shells  of  the  native  oysters  are  knocks 
off  them  with  a  light,  long-bladed,  adz-shaped  instrument  adapted 
the  pui'pose. 

In  the  frequent  transplanting  of  oysters  may  be  found  another  features* 
of  their  treatment  tending  to  reduce  propagation ;  many  eastern  oyster — 
men  consider  "plants"  (transplanted  oysters)  infertile  for  a  yearoir- 
two.    If  there  is  truth  in  this  the  extent  to  which  oysters  are  moved  at> 
San  Francisco  must  certainly  have  its  influence. 

Seed  oysters  are  brought  to  San  Francisco  in  the  fall  by  fast  freight. 
Not  more  than  10  per  cent  loss  is  expected  under  ordinarily  favorable 
circumstances.  The  mere  freezing  of  the  liquid  about  the  oyster  is  not 
considered  injurious.  In  illustration  of  the  length  of  time  cold  or  frozen 
oysters  may  remain  out  of  water  without  losing  their  vitality,  Mr. 
Morgan  told  me  that  from  a  number  of  carloads  of  oysters  consigned 
to  his  company  one  car  was  lost  through  some  mistake  and  turned  up' 
in  St.  Louis.  When  it  finally  arrived  at  San  Francisco,  after  being  two' 
months  on  the  way,  and  the  frozen  oysters  were  bedded,  it  was  found 
that  there  was  but  little  more  loss  than  in  shipments  of  ordinary  dura- 
tion. 

A  new  company,  the  Chesapeake  Oyster  Company,  a  branch  of  the 
International  Oyster  Company  of  New  York,  has  lately  begun  the  Qhip- 
ment  of  fresh  marketable  oysters  to  San  Francisco,  and  at  present  has 
a  quantity  of  them  deposited  at  Sausalito. 
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Quantity  of  oysters  put  upon  the  market, — Statements  on  this  subject 
were  conflicting.  Certain  oyster-dealers  said  that  there  were  from  360 
to  400  boxes  of  oysters  (containing  200  full-grown  oysters  to  each  box) 
put  upon  the  San  Francisco  market  daily;  while  from  the  statements 
of  certain  outsiders,  it  appeared  that  the  quantity  was  much  greater. 
Neither  did  I  learn  what  proportion  to  this  amount  the  shipments  to 
outside  towns  bear.  From  certain  sources  I  heard  that  there  were  about 
100  carloads  of  seed  brought  west  annually,  while  others  discredited 
this  statement  and  placed  the  amount  at  half  that  number. 

The  consumption  of  eastern  oysters  on  the  Pacific  coast  has  greatly 
increased  of  late  years,  while  the  rate  of  importation  of  seed  oysters  has 
not;  in  fact,  after  considerable  inquiry,  the  conclusion  is  that  it  has 
decreased ;  so  we  may  infer  that  the  beds,  although  not  self-sustaining, 
are  nevertheless  contributing  something  in  the  way  of  natural  increase 
to  meet  the  demand. 

The  market  for  oysters  in  San  Francisco  is  good,  and  all  that  are  pro- 
duced sell  readily.  They  are  ordinarily  packed  in  boxes  containing 
200,  worth  $4  per  box.  It  will  be  seen  that  they  cost  twice  as  much  as 
on  the  Atlantic  coast,  where  choice  oysters  are  worth  $1  per  100,  and 
good  oysters,  not  specially  selected,  can  usually  be  bought  for  75  cents 
per  bushel.  Califomians  will  undoubtedly  consume  more  oysters  when 
they  can  get  them  at  eastern  prices. 

Oysters  are  always  in  season  in  California,  the  sales  and  prices  being 
the  same  in  summer  as  in  winter. 

The  FoAnfie  coast  native  oyster  {Ostrea  lurida). — This  small  oyster 
abounds  in  San  Francisco  Bay,  where  it  is  utterly  worthless  as  com- 
pared with  the  oyster  from  Washington.  It  is  present  upon  all  the 
bedding-grounds  of  the  eastern  species.  When  the  latter  are  permitted 
to  lie  too  long  undisturbed  they  become  coated  with  the  small  shells  of 
0.  lurida.  There  are  extensive  deposits  of  this  species  in  the  shallow 
waters  all  along  the  western  part  of  the  bay,  and  their  dead  shells 
washed  ashore  by  the  high  seas  that  accompany  the  strong  winds  of 
the  winter  season  have  formed  a  white  glistening  beach  that  extends 
from  San  Mateo  for  a  dozen  or  more  miles  southward.  So  abundant 
are  they  that  this  constantly  increasing  deposit  of  shells  covers  every- 
thing alongshore  and  forms  bars  extending  into  the  bay. 

Schooners  frequently  carry  away  loads  of  them  for  the  making  of 
garden  walks  and  for  other  purposes  to  which  old  oyster  shells  are 
adapted.  Quantities  are  ground  up  and  scattered  about  x)oultry  ranches. 
The  supply  is  unfailing.  Their  small  size  and  thin,  light  shells  permit 
them  to  be  readily  drifted  about  the  bay,  and  thus  render  them  unsuit- 
able as  collectors  of  the  spat  of  eastern  oysters.  They  break  apart  and 
disintegrate,  and  shift  so  freely  when  exposed  to  heavy  waves  that 
they  can  not  be  considered  good  fixing-surfaces  for  the  large  species 
when  in  eziK>sed  places.    If  the  banks  formed  of  these  little  shells 
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coTild  be  protected  fipom  the  heavy  waves  by  some  Ann  outside  barrier, 
and  be  covered  with  an  abundance  of  large  shells  not  so  likely  to  drift, 
a  permanent  bed  might  readily  be  formed.  The  eastern  oysters  laid 
out  on  the  natural  shellbanks  in  some  places  are  frequently  rolled 
along  the  bed  and  washed  high  and  dry  upon  the  beaches.  The  original 
bedding-grounds  along  the  east  side  of  the  bay  have  been  abandoned 
mainly  on  this  account. 

It  is  possible  that  I  have  not  attached  sufficient  importance  to  the 
evil  of  overcrowding  by  the  remarkably  fertile  native  species.  This 
little  oyster,  naturally  adapted  to  these  places,  finds  the  large  shell  of 
the  eastern  oyster  a  fixing-surfi^ce  specially  adapted  to  its  needs.  It 
is  thus  protected  from  the  bad  results  attendant  upon  the  changing 
surface  of  its  natural  shellbanks;  it  has  the  advantage  of  the  protec- 
tion of  the  fences;  it  is  nearer  to  the  muddy  bottom,  frcnn  which  much 
of  its  food  is  derived,  and  yet  is  lifted  by  the  shell  of  the  large  oyster 
to  a  safe  height  above  that  bottom,  where  the  under  shells  of  a  cluster 
of  any  species  of  oyster  would  be  smothered  in  the  mud.  So  closely 
do  these  indigenous  oysters  crowd  upon  the  shells  of  the  large  species 
that  when  a  heap  of  the  latter  have  been  cleaned  for  market  the^  accu- 
mulated parasites  almost  equal  in  bulk  the  edible  species.  Doubtless 
they  are  responsible  for  crowding  many  of  the  young  of  the  less  adap- 
tive eastern  species  completely  out  of  existence. 

The  native  oyster  (0.  lurida)  grows  twice  as  large  at  WiUapa  Bay, 
Washington,  as  it  does  at  San  Francisco,  and  is  constantly  misnamed 
the  <<  California  oyst-er."  But  no  use  is  made  of  the  small  California 
coast  oyster,  except  as  its  shells  are  utilized  in  the  ways  previously 
mentioned. 

The  Morgan  Oyster  Company, — ^This  company  now  maintains  six 
important  stations  or  groups  of  oyster  beds  in  San  Francisco  Bay, 
where  oysters  imported  from  the  Atlantic  coast  are  kept  until  they 
reach  a  marketable  size.  All  are  situated  in  the  southern  part  of  the 
bay,  and  are  from  15  to  35  miles  back  from  the  Golden  Gate.  At  each 
of  these  localities  there  is  a  comfortable  building  for  housing  the 
employes.  Each  station  is  supplied  with  fresh  water  by  an  artesian 
well,  which  usually  elevates  the  water  a  few  feet  above  high  tide, 
windmills  being  added  at  three  of  the  stations  to  raise  the  water  to 
tanks.  At  four  stations  (Dumbarton,  San  Bruno,  Millbrae,  and  Alva- 
rado,  the  last  now  abandoned)  the  houses  are  built  upon  piles,  and  are 
1  or  2  miles  from  the  nearest  land.  At  the  other  stations  they  are  upon 
islands  or  the  shores  of  the  bay.  There  are  several  inclosed  oyster 
beds  near  each  of  the  houses,  varying  in  extent  from  50  to  100  acres 
each.  I  had  no  means  of  knowing  the  actual  extent  of  the  oyster  beds 
of  this  company,  but  will  roughly  estimate  the  territory  fenced  in  by 
stakes  at  1,500  or  2,000  acres.  This  should,  perhaps,  be  regarded  as  a 
guess  rather  than  as  an  estimate. 
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The  station  known  as  San  Bruno  was  established  by  Gorville  &  Go. 
about  1872.  It  was  subsequently  owned  by  Swanberg  &  West,  and 
finally  passed  into  the  hands  of  the  Morgan  Oyster  Company. 

The  establishment  at  Millbrae  dates  from  1874,  and  is  one  of  the 
most  valuable.  The  house  is  nearly  2  miles  off  shore,  and  is  connected 
by  telephone  with  the  city  office. 

Dumbarton  was  begun  in  1877  and  may  be  considered  the  most 
important  station  of  all.  The  oyster  beds  here  are  the  most  remote 
from  the  sea.  There  is  probably  sufficient  warmth  of  water  here  in  sum- 
mer to  admit  of  more  extensive  oyster-spawning  than  elsewhere.  South 
of  this  point  the  tide  water  backs  up  many  sloughs  and  creel^  far 
inland,  where  it  can  become  warm,  and  there  is  little  doubt  that  future 
tests  will  show  this  to  be  decidedly  the  warmest  part  of  the  bay  and 
the  best  adapted  for  raising  seed  oysters. 

The  Alvarado  place,  about  8  miles  north  of  this  and  in  a  very  exposed 
situation,  has  been  abandoned  on  account  of  the  heavy  seas,  caused  by 
winter  winds,  to  which  it  was  subjected.  The  South  Belmont  place 
was  started  in  1877  and  North  Belmont  in  1884.  The  last,  founded 
by  Doane  &  Go.,  was  later  consolidated  with  the  Morgan  Oyster  Oom- 
pany,  of  which  Mr.  Doane  is  now  the  field  superintendent.  The  San 
Mateo  oyster  station  has  been  in  operation  for  five  or  six  years.  The 
employes  are  moved  from  station  to  station  as  the  beds  at  different 
places  require  attention. 

Seed  oysters  are  usually  laid  out  at  the  Dumbarton  beds  or  the  Bel- 
mont beds  (all  of  which  are  near  the  head  of  the  bay)  for  a  couple  of 
years,  and  are  then  transferred  to  the  beds  at  Millbrae  and  San  Bruno 
for  the  final  year  before  being  put  on  the  market,  as  the  latter  localities 
are  supposed  to  be  better  adapted  to  fattening  them. 

This  company  employs  a  schooner,  quite  a  fleet  of  sloops  or  <^  plun- 
gers," many  scows  or  barges,  and  some  floats.  No  retail  stands  or  res- 
taurants are  operated.  They  have  considerable  territory  in  Willapa 
Bay,  Washington,  devoted  to  the  cultivation  of  the  Washington  coast 
oyster  (Ostrea  lurida).  Large  regular  shipments  of  this  species  are 
made  to  San  Francisco.  The  wholesale  oyster  business  of  the  company 
is  transacted  at  a  commodious  building  on  Third  street,  San  Francisco, 
from  which  oysters,  opened  or  in  the  shell,  are  supplied  to  the  hotels 
and  restaurants  of  the  city,  and,  boxed  or  canned,  are  shipped  to  all 
the  large  towns  of  the  Pacific  region,  from  Victoria  to  San  Diego,  and 
from  Salt  Lake  to  Honolulu. 

Oygter  establishment  of  M.  B.  Moraghan, — Mr.  M.  B.  Moraghan,  an 
]mxK>rter,  planter,  and  wholesale  and  retail  dealer  in  oysters  in  the  Oal- 
ifomia  Market,  San  Francisco,  established  his  oyster  bedding-ground 
at  Millbrae  about  1882,  where  he  owns  200  acres  and  leases  900  acres  of 
tide  lands.  Much  of  the  product  of  these  beds  is  used  at  his  restaurant 
stalls  in  the  Galifomia  Market.  The  methods  of  the  Morgan  Oyster 
Company,  previously  described,  apply  also  to  this  place. 
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Vessels, — The  yessels  employed  are  schooners,  sloops,  scows,  floats, 
and  a  few  small  rowboats. 

The  floats  are  large  barges  with  the  bottom  planks  sufficiently  sepa- 
rated to  admit  the  water  freely.  They  are  used  as  temporary  recepta- 
cles for  oysters  that  have  been  culled  and  cleaned,  and  to  keep  them  fresh 
while  awaiting  transfer  to  mark^  They  are  kept  afloat  by  ^^  air  boxes,'' 
i.  e.<f  air-tight  compartments  along  the  sides  and  ends,  and,  in  extra 
large  floats,  lengthwise  through  the  middle.  The  bottom  is  made  of 
3-inch  square  timbers  separated  by  half-inch  spaces.  The  float  thus 
constructed  has  a  tree  circulation  of  water  among  the  oysters  stored  in 
it,  ai^d  will  hold  great  quantities  of  them  in  a  fresh  and  healthy  condi- 
tion. Floats  are  constructed  in  varying  sizes  adapted  to  the  require- 
ments of  each  station,  the  large  double  floats  with  central  air  box  being 
usually  40  feet  long  by  20  wide.  The  single  compartment  floats  are 
about  half  this  size. 

The  scows  are  used  in  tonging  up  oysters  and  for  sorting  and  other- 
wise handling  them.  They  are  shallow  and  flat-bottomed,  with  sides 
very  slightly  tapering  from  the  middle  to  the  square  ends.  The  flush 
decks  slope  a  little  toward  the  low  rail  strip  at  the  sides.  Each  end  is 
fitted  with  a  large  iron  ring,  through  which  the  heavy  propelling  poles 
are  passed  and  driven  by  hand  into  the  mud  to  steady  it  in  tonging. 
In  this  operation  the  scow  is  gradually  moved  broadside  across  the 
oyster  bed,  permitting  a  thorough  taking-up  of  all  oysters  in  its  course, 
which  is  previously  laid  out  by  occasional  light  poles  set  upon  the  bed 
at  low  tide.  When  loaded,  the  scow  is  pushed  alongside  the  float  and 
moored  to  it  until  its  oysters  are  culled.  Scows  are  made  in  diflferent 
sizes,  with  decks  averaging  8  feet  by  24  feet. 

The  sloops  or  ^^ plungers"  in  use  are  built  upon  several  models,  some 
of  them  with  flush  decks  and  a  large  central  cockpit  divided  by  a  center- 
board.  A  larger  size  is  a  keel  boat  with  low  deckhouse.  Both  forms 
are  commonly  cat-rigged.  They  are  employed  for  general  transx>orta- 
tion  between  the  oyster  stations  and  to  carry  oysters  to  markets 

A  good-sized  schooner  of  unusually  light  draft  has  been  built  by  the 
Morgan  Oyster  Company  for  oyster  work  in  the  bay  and  has  been  found 
very  efficient. 

When  the  tide  goes  out  and  all  these  crafb  are  left  high  and  dry  upon 
the  tide  lands,  the  workmen,  putting  on  leather-soled  rubber  boots  for 
wading  in  the  mud,  are  employed  in  leveling  or  otherwise  improving 
the  surface  for  oyster  bedding. 

JEmplaySs. — Usually  about  100  men  are  employed  upon  the  oyster 
beds  of  San  Francisco  Bay,  this  number  being  considerably  increased 
at  certain  times.  They  are  recruited  from  the  ranks  of  the  sea-going 
class,  nearly  always  numerous  about  the  wharves  of  San  Francisco, 
and  are  constantly  changing,  none  of  them  developing  into  regular 
oystermen.    About  90  per  cent  of  them  are  of  Scandinavian  origin. 


F,C,  1889  to  IS»I.     (Tol. 


Float  and  Packi no-boxes,  San  Francisco  Bay. 


Oyster  Sloop,  San  Francisco  Bay. 
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San  Pablo  Bay, — ^The  most  diligent  dredging  from  a  steam  laanch 
ikilcd  to  reveal  any  shell  life,  except  clams,  upon  the  bottom  of  San 
Patio  Bay.  The  native  oyster,  0.  lurida^  so  abundant  in  San  Francisco 
Bay,  particularly  far  south  of  the  city,  was  not  found  here  at  all.  It 
is  i>robable  that  it  formerly  lived  here,  for  there  are  extensive  deposits 
of  shells  of  this  species  to  be  seen  in  the  faces  of  the  bluffs  along  the 
west  side  of  Mare  Island  fronting  on  San  Pablo  Bay.  !N'early  all  the 
sapply  of  soft-shelled  clams  is  derived  from  the  mudflats  of  San  Pablo 
Bay.  This  8i>ecies  is  apparently  as  abundant  here  as  if  it  had  always 
existed  in  these  waters. 

While  San  Pablo  Bay  appears  to  be  devoid  of  shell  life,  except  clams, 
it  is  rich  in  shrimps  and  fishes.    Many  of  the  Chinese  shrimp-flshers' 
nete  are  set  here  constantly  and  the  Italian  fishermen  take  many  stur- 
geon.   The  shrimp  nets  also  take  sculpins,  young  flounders,  and  other 
small  fish  in  abundance. 

The  muddy  character  of  the  bottom  is  due  to  its  being  a  favorable 

place  for  the  waters  of  the  Sacramento  Eiver  to  expand  and  thereby 

dexK)sit  the  sediment  carried  by  its  current.    Tiie  river  maintains  a 

deep  channel  along  the  south  side  of  the  bay  on  its  course  to  the  sea, 

but  when  it  meets  an  incoming  tide  at  the  enti*ance  to  San  Francisco 

Bay  its  muddy  flood  is  spread  all  over  the  broad  extent  of  San  Pablo. 

Mr.  M.  Manson,  engineer  for  the  Harbor  Commission,  states  that  the 

shoaUng  of  San  Pablo  Bay  dated  from  the  time  of  hydraulic  mining, 

but  that  since  the  cause  of  debris  has  been  removed  the  bay  has  improved 

^d  will  doubtless  continue  to  do  so.    He  recommended  an  examination 

of  the  west  side  of  San  Pablo  Bay  with  reference  to  the  possibility  of 

its  being  made  bedding-ground  for  oysters,  but  as  far  as  I  was  able  to 

examine  it  there  were  no  indications  of  firm  bottom  like  that  of  the 

west  side  of  San  Francisco  Bay. 

Mr.  McNear,  proprietor  of  the  wharves  at  McNear's  Landing,  on  San 
Pablo  Bay,  once  laid  out  eastern  oysters  upon  a  narrow  mudflat  near 
belauding,  but  lost  most  of  them  from  continued  rough  weather,  during 
which  they  were  either  washed  upon  the  beach  or  covered  by  soft  mud. 
The  experiment  was  not  repeated. 

Though  I  have  as  yet  found  no  oysters  in  San  Pablo  beyond  McNear's 
lading,  the  discovery  of  many  eastern  and  Willapa  Bay  oysters  about 
the  narrows  at  the  entrance  to  the  bay  is  interesting  as  showing  the 
propagation  of  oysters  exposed  to  the  fi*esh  water  of  the  river,  and  is 
an  indication  that  something  might  be  done  for  oyster-culture  in  San 
f  ablo  Bay  if  firmer  bedding-grounds  can  be  secured. 

Tide  lands — ^The  sale  of  the  tide  lands  of  San  Francisco  Bay  has 
Utherto  been  considered  as  exercising  a  retarding  influence  upon  the 
development  of  the  oyster  industry,  as  well  as  of  other  branches  of 
business.  These  lands,  surveyed  and  sold  by  the  State  at  91.25  per 
acre,  have  gradually  passed  into  the  hands  of  the  larger  oyster  com- 
panies.   This  is  especially  true  of  the  extensive  flats  in  tVi^  ^oxiWi^wi 
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part  of  tlie  bay  most  available  for  the  present  system  of  laying  out 
oysters,  and  the  managers  of  the  Morgan  Oyster  Company  informed 
me  that  they  owned  about  all  that  they  considered  valuable  for  their 
method  of  growing  oysters.  Many  consider  the  sale  of  the  tide  lands 
an  injustice  to  the  people.  It  is  said  that  the  railroad  companies  are 
proprietors  in  tide  lands  to  such  an  extent  that  the  city  of  Oakland  is 
greatly  handicapped  for  water  frontage  and  wharf  facilities. 

The  law  permitting  the  sale  of  the  tide  lands  is  not,  however,  an 
unmixed  evil,  for  while  it  might  lead  to  monopoly  it  would  allow  oyster- 
planters  to  reap  the  harvests  they  sow.  It  is  now  conceded  by  man jr 
who  have  long  upheld  the  system  of  public  dredging  in  the  Chesapeake 
region,  that  private  cultivation  must  be  provided  for  before  there  cait. 
be  any  marked  increase  in  the  oyster  supply. 

The  Tide  Land  and  Water  Front  Company  of  San  Francisco  are  pro- 
prietors of  the  tide  lands  to  a  considerable  extent,  and  offer  them  for 
sale  at  the  uniform  price  of  $25  per  acre.    Notwithstanding  the  fact 
that  much  desirable  oyster-bedding  ground  is  already  fenced  in,  there 
is  still  much  good  oyster-ground  unoccupied  in  the  southern  part  of 
the  bay.    In  the  Long  Island  Sound  region,  where  the  oyster-ground 
can  be  bought  or  leased  from  the  States,  the  system  of  private  owner- 
ship of  the  beds  has  been  found  perfectly  practicable  and  very  advanta- 
geous. 

In  reply  to  inquiries  respecting  the  value  of  the  tide  lands  now  in- 
closed and  used  by  the  oyster-growers  of  San  Francisco,  Mr.  Moraghan 
writes  me: 

The  price  depends  upon  the  location,  the  kind  of  bottom,  whether  mud,  shell,  or 
sand,  etc.,  and  more  than  aU,  upon  the  improvement  or  amonnt  of  labor  bestowed 
on  the  land.  We  have  some  beds  that  are  worth  fully  $1,000  per  acre  to  us,  ns  wo 
have  been  improving  and  workinfi^  upon  them  for  the  past  ten  years  in  bringing 
them  to  their  present  condition. 

Mr.  Moraghan  adds  that  unimproved  tide  land,  such  as  is  used  in 
the  Califomian  method  of  bedding  oysters,  is  very  cheap,  being  worth 
$10  per  acre,  and  that  such  lands  can  be  had  adjacent  to  the  best 
inclosed  beds  for  920  per  acre. 

Suggested  introduction  of  other  species  of  oysters. — With  evidence  at 
hand  of  the  propagation  of  our  own  oyster  (0.  virginica)  in  Califoruin, 
the  introduction  of  foreign  species  seems  superfluous;  but  Prof.  George 
Davidson  and  Mr.  H.  D.  Dunn,  of  San  Francisco,  both  of  whom  have 
resided  in  Japan,  have  frequently  spoken  to  me  of  the  large  oyster  of 
Japan  in  connection  with  the  subject  of  oyster-growing  in  California. 
Prof.  Davidson  sends  the  following  note  on  this  subject : 

The  oyster  I  knew  in  Japan  was  found  in  the  vicinity  of  Nagasaki,  where  I  was 
stationed  during  the  three  months  October,  November,  and  December,  1874,  and 
part  of  January,  1875,  The  oyster  is  there  very  large^  ftill,  and  well  flavored.  I 
obtained  some  shells  that  were  fnUy  12  inches  long.  I  tried  to  interest  some  of  our 
steamship  captains  to  bring  them  to  San  Francisco,  but  at  that  time  the  trip  fre- 
qaently  consumed  a  fall  month,  with  a  change  of  steamer  at  Yokohama,  and  they 
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doubted  the  saccess  of  such  an  experiment.  With  the  present  more  rapid  transporta- 
tion and  a  better  knowledge  of  their  treatment  en  rente,  I  think  it  very  adyisable 
'to  try  and  introdnoe  them  to  the  Paoifio  coast. 

The  introduction  of  oysters  from  Japan  would  probably  not  be  diffl- 
oult,  as  a  great  many  species  of  shellfish  fi*om  that  region  are  identical 
xvith  California  species. 

Attempts  have  been  made  by  oyster-growers  in  San  Francisco  Bay 
tx>  introduce  the  large  oysters  of  the  Yaqui  Bi  ver  lagoons  and  other  parts 
of  western  Mexico,  which  strikingly  resemble  0.  virginicaj  but  a  large 
percentage  of  the  oysters  died  on  the  voyage.  The  change  from  the 
^vrann  waters  of  that  latitude  to  the  bay  of  San  Francisco  was  supposed 
to  be  too  great,  even  if  they  survived  the  voyage.  I  can  testify  to  the 
larg^e  size,  good  flavor,  and  great  abundance  of  the  Yaqui  Biver  oysters 
ttom  x>ersonal  experience.  They  are  so  abundant  that  we  fi^equently 
loaded  the  dingey  of  the  Albatross  by  merely  gathering  them  fi*om  the 
l>orders  of  the  shell  heaps  exposed  everywhere  at  low  tide.  The  tem- 
perature of  the  water  while  we  were  there  (March  31  and  April  1, 1889) 
ranged  from  69^  to  73°  F.  N'ow  that  there  is  railroad  connection 
l>etween  Guaymas,  Mexico,  and  San  Francisco,  the  introduction  of 
these  oysters  by  rail  might  give  better  results. 

OTohU  ihowing  ike  temperature  of  the  water  in  the  vioiaitif  of  the  natural  oyster  beds  near 
the  mouth  of  the  Yaqui  Biver,  Mexico,  March  SI  and  April  1,  18S9. 
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Locality  and  time. 


Off  Algodones  Lagoon— cont'd. 
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It  should  be  stated  that  the  hourly  temperatures  taken  by  the  Alba- 
tross were  not  in  Algodones  Lagoon  or  in  the  mouth  of  Yaqui  Biver,  but 
at  the  ship's  anchorage,  a  mile  or  two  outside,  in  the  Gulf  of  California. 

In  December,  1890,  a  large  shipment  of  oysters  was  made  from  Aca- 
pulco  to  San  Francisco,  but  most  of  them  died  on  the  way.  The  few 
that  reached  market  were  considered  good.  This  species  was  doubtless 
the  Ostrea  iridescensj  a  large  oyster  common  in  the  vicinity  of  Acapulco. 

The  oyster  of  the  Gulf  of  California  has  been  referred  by  some  con- 
chologists  to  Ostrea  virginica.  In  Carpenter's  Shells  of  Mazatlan  it  is 
referred  to  that  species,  and  in  the  collection  of  the  U.  S.  National 
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Museam  are  many  specimens  fi*om  the  Galf  of  California  so  labeled. 
Compared  with  Ostrea  virginica,  it  is  of  similar  size  and  appearance, 
and  to  the  superficial  observer  nndistingaishable  from  it.  It  is  found  in 
the  lagoons  of  the  eastern  shore  of  the  Gulf  from  Mazatlan  to  the  vicinity 
of  the  Bio  Colorado,  and  is  said  to  abound  at  a  point  opposite  George 
Island,  well  up  the  gulf.  It  is  found  also  on  the  western  side  of  the 
gulf  at  Angeles  Bay,  opposite  the  southern  end  of  Angel  Guardia 
Island,  and  near  Salinas  Bay  on  Carmen  Island.  The  oysters  of  both 
of  these  localities  are  said  to  be  well  flavored,  and  shipments  from  the 
latter  have  been  made  to  San  Francisco. 

Dr.  Edward  Palmer,  of  the  Department  of  Agriculture,  informs  me 
that  he  first  saw  the  natural  oyster  deposits  of  the  Yaqui  Eiver  lagoons 
twenty  years  ago,  and  that  there  was  then  more  traffic  in  them  than  at 
the  present  time.  He  ascribes  the  origin  of  the  large  mounds  of  oyster 
shells  so  conspicuous  there  to  the  drying  of  oysters  by  Indians,  for  sale 
among  the  mines  of  Sonora  and  Sinaloa.  These  oysters  are  still  gath- 
ered by  Indians,  and  are  used  in  the  hotels  of  Guaymas  the  year  round. 
They  are  usually  stored  in  the  bay  awaiting  the  arrival  of  the  steamers. 
Many  are  sent  by  rail  to  Hermosillo,  and  a  few  are  shipped  by  steamer 
to  La  Paz.  Considerable  quantities  are  taken  from  a  stream  near 
Altata,  at  the  mouth  of  the  gulf,  and  sent  to  Culiacan,  in  the  interior, 
over  the  Sinaloa  and  Durango  BaUway. 

I  found  a  small  oyster  (Ostrea  palmuUiy  variety  glomerata)  abundant 
on  the  roots  of  the  mangroves  in  Concepcion  Bay,  on  the  west  side  of 
the  gulf.  I  obtained  another  species  (Ostrea  palmula)  farther  south  at 
San  Josef  Island,  but  it  was  represented  only  by  dry  shells,  our  stay 
there  being  too  brief  to  x>6rmit  any  extended  search  for  the  original 
deposits.  The  large  Ostrea  iridescens  was  occasionally  brought  \ip  by 
the  beam  trawl  of  the  Albatross  in  dredging  along  the  western  shores  of 
the  gulf. 

The  Mexican  Oyster  Company. — ^This  company  was  in  existence  in 
1868, 1869,  and  1870.  Oysters  were  brought  from  the  natural  beds  of 
Altata  and  Acapulco,  and  sold  readily  in  San  Francisco  at  25  cents 
apiece.  Their  arrival  was  announced  by  placards  on  steamer  day.  As 
many  died  on  the  voyage,  the  business  was  never  profitable,  and  was 
finally  ruined  by  the  introduction  of  eastern  oysters  upon  the  comple- 
tion of  the  overland  railway  in  1870. 

Australian  oysters, — A  sack  of  oysters  was  recently  brought  to  San 
Francisco  by  a  steward  of  one  of  the  Australian  steamers.  These  oys- 
ters were  sold  by  M.  B.  Moraghan  at  his  stand  in  the  California  market 
and  were  considered  as  good  as  eastern  oysters. 
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8ugge8tion%. — ^In  view  of  the  fact  that  there  is  considerable  propaga- 
tion among  the  oysters  of  San  Francisco  Bay  and  that  no  attempt  has 
been  made  to  collect  spat,  it  wonld  be  desirable  to  experiment  in  the 
vicinity  of  the  most  southerly  beds  of  the  bay  with  a  variety  of  spat- 
collecting  surfaces.     There  are  many  suitable  channels,  creeks,  and 
tracts  of  deep  water  close  to  the  beds.    Bundles  of  brush  could  be 
anchored  outside  the  lines  of  stakes  about  the  beds  or  in  the  creeks, 
and  floating  collectors  could  be  moored  anywhere;  these  could  be  made 
Bcow-shaped,  the  sides  and  ends  of  coarse  timbers  of  any  sort,  and  the 
bottom  of  wide- meshed  wire  netting;  such  a  craft,  loaded  with  all  the 
shells  it  could  conveniently  float,  could  be  towed  anywhere  and  might 
be  large  or  small.    In  view  of  the  existence  of  stingrays,  this  pattern 
of  collector  or  the  brush  collectors  would  be  safest,  to  say  nothing  of 
flie^Me  with  which  they  could  be  inspected  for  presence  of  spat. 

If  there  were  fixing  Bucfiace  of  any  description  in  the  creeks  or  sloughs 
that  extend  from  the  southern  part  of  the  bay  far  back  toward  San 
Jose,  Bedwood,  Belmont,  Kewark,  and  through  the  marsh  lands  gen- 
erally, it  is  probable  that  oysters  would  attach.   When  the  cold  tide  flows 
in  across  the  extensive  sun-heated  flats  in  the  springtime,  it  warms 
rapidly  and  Alls  the  creeks  with  water  of  a  much  higher  temperature 
than  is  found  elsewhere  in  the  region  of  the  bay.    The  warm  water 
flowing  across  the  oysters  brings  them  into  spawn  very  suddenly  when 
the  weather  conditions  are  favorable.    My  attention  was  called  to  this 
&ct  by  the  oystermen. 

The  creeks  are,  without  exception,  very  muddy  and  absolutely  with- 
out any  firm  surfaces  upon  which  drifting  oyster  spat  might  settle. 
These  creeks  are  similar  in  character.  Most  of  them  retain  a  consider- 
able depth  of  water  at  low  tide.  They  are  named  on  the  charts  of  San 
Francisco  Bay  as  foUows:  Union  City  Greek,  Oayote  Creek,  Beard 
Greek,  Mud  Greek,  Alviso  Slough,  Eedwood  City  Greek,  Steinberger 
Greek,  Angela  Greek.  Quantities  of  brush  from  the  drier  lands,  just 
back  of  the  marshes  through  which  they  flow,  could  readily  be  depos- 
ited in  them  as  spat-coUectors.  From  the  fact  that  oysters  have  been 
taken  from  the  timbers  of  two  or  three  old  trestles  that  cross  them,  we 
might  reasonably  expect  favorable  results  from  a  careful  experiment 
with  brush  collectors. 

Should  it  flnaUy  be  found  advantageous,  these  creeks  could  readily  be 
sown  with  quantities  of  shells  of  the  native  oyster  from  the  shell  heaps 
about  the  shores  of  the  bay.  That  the  native  species  has  never  pene- 
trated into  them  is  no  argument  against  the  propagation  of  the  eastern 
species  there.  Occasional  specimens  have  already  been  found  growing 
there,  and  the  creeks  may  prove  as  favorable  to  them  as  similar  creeks 
are  on  the  Atlantic  coast. 

The  prox)er  time  for  placing  collectors  in  San  Francisco  Bay  is  yet  to 
be  determined. 
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In  Tomales  Bay^  Messrs.  Weinard  and  Terry  laid  ont  about  17  ear- 
loads  of  eastern  oysters  in  1875.  They  remained  there  only  two  or  three 
years,  until  all  we^e  marketed  or  removed  to  more  accessible  places  in 
San  Francisco  Bay.  The  experiment  was  not  repeated.  Capt.  Law- 
son,  one  of  the  oldest  residents  upon  Tomales  Bay,  says  that  these  oys- 
ters lived  and  fattened  as  well  apparently  as  those  in  San  Francisco 
Bay.  They  were  laid  out  at  Millerton  Station,  near  the  southern  end 
of  the  bay,  where  some  of  the  stakes  used  in  fencing  the  bed  are  still 
standing.  There  is  perhaps  no  reason  why  the  extensive  mudflats  of 
Tomales  Bay  should  not  be  used  for  laying  out  oysters  in  the  same 
manner  as  is  done  in  San  Francisco.  The  bay  is  nowhere  very  deep. 
With  two  or  three  good-sized  streams  flowing  into  it,  the  natural  con- 
ditions ought  to  prove  very  similar  to  those  of  San  Francisco.  It  is 
18  miles  long  and  averages  2  in  breadth.  There  are  no  signs  of  the 
propagation  of  eastern  oysters  there,  although  Ostrea  luHda  is  not 
uncommon. 

From  corresx>ondents  in  southern  California  I  have  recently  learned 
that  eastern  oysters  are  reported  as  propagating  in  San  Diego  Bay.  A 
few  years  ago  a  quantity  of  oysters  were  placed  there,  and  they  still 
remain  in  good  condition.  It  is  said  also  that  a  lot  of  Mexican  oysters, 
brought  in  a  steamer  from  Ouaymas  several  years  ago,  were  found  to 
be  dying  rapidly  when  the  vessel  arrived  in  San  Diego  Harbor,  and 
were  thrown  overboard.  It  is  claimed  that  survivors  fit>m  this  acci- 
dental planting  are  occasionally  found.  This  bay,  more  than  400  miles 
south  of  San  Francisco  Bay,  is  much  warmer,  and  it  might  be  that  the 
oyster  of  the  Gulf  of  Oalifomia,  which  failed  to  live  in  the  cold  water  of 
San  Francisco  Bay,  would  be  a  success  in  San  Diego  Bay.  The  greater 
part  of  this  bay  is  shallow  and  there  are  extensive  mudflats.  There 
are  no  constant  streams  flowing  into  it,  though  False  Bay,  immediately 
north  of  it,  receives  San  Diego  Biver,  a  stream  which  disappears  in 
midsummer. 

Humboldt  Bay,  200  miles  north  of  San  Francisco,  is  a  large  and  shallow 
bay  that  may  be  found  available  for  oyster-growing  when  the  question 
of  temperature  has  been  studied.  By  far  the  greater  area  of  this  bay 
consists  of  tide  lands,  exposed  at  low  water.  My  personal  recollection 
of  Humboldt  mudflats,  visited  in  1885,  is  that  they  are  altogether  firmer 
than  those  of  San  Francisco,  the  bottom  being  more  sandy. 

Ballona  Bay,  near  Santa  Monica,  in  southern  California,  is  a  small  bay 
where,  I  am  informed,  oysters  have  been  placed  and  found  to  grow  well, 
but  it  is  not  known  whether  they  breed  there.  A  report  upon  the  smaU 
bays  about  Wilmington,  near  Los  Angeles,  has  already  been  published 
by  the  Fish  Commission.* 

*  Rex>ort  upon  certain  investigations  relating  to  the  planting  of  oysters  in  south- 
em  Califomia.    By  Charles  H.  Gilbert.    BuU.  U.  S.  F.  C;  1889,  p.  9&-98. 
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LAWS  OF  CALIFORNIA  RELATIVE  TO   OYSTERS. 

Chaftkr  XVII. — An  act  to  encourage  the  planting  and  cultivation  of  oysters. 

[ AppTOTed  Moroh  80,  1874 ;  Stat.  Cal.  1874,  p.  MO.  ] 


;.  1.  Any  citizen  of  the  United  States  may  lay  down  and  plant  oysters  in  any 
of  t^e  bays,  rivers,  or  pnblic  waters  of  this  State,  and  the  ownership  of  and  the 
exclnsire  right  to  take  up  and  carry  oif  the  same  shall  be  continued  and  remain  in 
sacli  person  or  persons  who  shall  have  laid  down  and  planted  the  same. 

Sbc.  2.  Any  person  or  persons  who  now  nave  or  may  hereafter  lay  down  and  plant 
oysters,  as  hereinbefore  provided,  shall  stake  or  fence  off  the  land  upon  which  the 
9sane  is  or  hereafter  may  be  laid  down  and  planted^  and  such  stakes  or  fences  shall 
be  sufficient  marks  of  the  boundaries  and  limits,  and  entitle  such  person  or  persons 
to  the  exclusive  use  and  occupation  thereof  for  the  purposes  prescribed  in  this  act : 
Protided,  That  nothing  herein  contained  shall  be  deemed  to  authorize  any  impedi- 
ment or  obstructions  to  the  navigation  of  any  channels. 

Sec.  3.  Parties  planting  or  laying  down  such  oyster  beds  shall  record  a  full  de- 
BGiiption  of  said  bed  or  beds  in  the  county  recorder's  office  in  the  county  where  the 
Bame  is  situated.  The  recorder  shall  record  the  description  so  furnished  in  a  book 
to  be  kept  by  him  for  that  purpose,  to  be  entitled  a  "Record  of  oyster  beds.'' 

Sbc.  4.  Any  person  or  persons  who  shall  enter  upon  any  lot  of  land  in  which  there 
•ball  be  oysters  laid  down  and  planted,  and  which  at  the  time  of  such  entry  shall 
be  fenced  or  staked  off  pursuant  to  the  provisions  of  this  act,  and  who  shall  take  up 
and  carry  off  therefrom  such  oysters,  without  the  consent  or  permission  of  the  occu- 
pants and  owners  thereof,  and  shall  willfully  destroy  or  remove,  or  cause  to  be 
removed  or  destroyed,  any  stakes,  marks,  or  fences  intended  to  designate  the  bound- 
aries and  limits  of  any  land  claimed  and  staked  or  fenced  off  puroaant  to  the  pro- 
risions  of  this  act,  shall  be  guilty  of  a  misdemeanor. 

Sbc.  5.  The  penalties  of  the  penal  code  relative  to  misdemeanors  are  hereby  made 
applicable  to  any  violation  of  the  provisions  of  this  act. 

Sec.  6.  All  fines  and  penalties  collected  for  a  violation  of  any  of  the  provisions  of 
this  act  over  and  above  the  costs  of  suit  shall  be  paid  into  the  common  school  fund 
of  the  county  where  the  offense  was  committed. 

Src.  7.  All  parties  availing  themselves  of  the  provisions  of  this  act  shall  erect  or 
caase  to  be  erected,  on  some  oonspicnons  part  of  the  grounds  devoted  to  the  planting 
of  oysters,  a  sign  not  less  than  6  feet  in  length  and  1  foot  in  width,  on  which  shall 
be  painted  in  black  letters  upon  a  white  ground  the  words,  "  oyster  beds." 

Sec.  8.  All  acts  and  parts  of  acts  in  conflict  with  the  provisions  of  this  act,  and 
especially  an  act  entitled  ''An  act  oonoerning  oysters,"  passed  April  28,  1851  (Cal. 
Stat.,  1851,  p.  432),  as  also  the  act  entitled  ''An  act  concerning  oyster  beds,"  approved 
April  2, 1866  (Cal.  Stat.,  1866,  p.  848),  are  hereby  repealed. 

Sec.  9.  This  act  shall  not  apply  to  any  tide  lands  which  the  State  may  have  sold 

to  private  parties :  Provided  further ,  That  nothing  herein  shall  be  construed  as  to 

interfere  with  the  right  of  the  State  to  sell  or  dispose  of  any  of  the  tide  lauds,  nor  to 

affect  in  any  manner  the  rights  of  purchasers  at  any  sale  of  the  tide  lands  by  the  State. 

Sec.  10.  This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

KOTB. — ^The  acta  moitioned  In  section  8  were  continaed  in  force  by  Political  Code. 

Chapteb  XYUl.— 'Penal  code. 

602.  Every  person  who  willfully  commits  any  trespass  by  either : 
7.  Entering  upon  any  land  owned  by  any  other  person  or  persons,  whereon  oys- 
iexs  or  other  shellfish  are  planted  or  growing,  or  injuring,  gathering,  or  carrying  away 
Any  oysters  or  other  shellfish  planted,  growing,  or  being  on  any  such  lands,  whether 
covered  by  water  or  not,  without  the  license  of  the  owner  or  legal  occupant  thereof, 
or  destroying  or  removing,  or  causing  to  bo  removed  or  destroyed,  any  stakes,  marks, 
fences,  or  signs  intended  to  designate  the  boundaries  and  limits  of  any  such  laodi 
is  guilty  of  a  misdemeanor. 
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NATITE  OYSTER  INDUSTRY  OF  WIIXAPA  OR  SHOAJLWATEB  BAY. 

The  total  annaal  output  of  native  oysters  from  Willapa  Bay  is  about 
40,000  sacks.  Oysters  are  taken  from  the  natural  deposits  below  low- 
water  mark,  the  large  ones  marketed  and  the  small  ones  transplanted 
to  the  adjacent  tide  lands  until  they  attain  a  marketable  size. 

This  large  but  shallow  bay  is  cut  by  many  intricate  channels  of  deeper 
water  where  small  oysters  {Ostrea  lurida)  are  obtained  by  tongingfrom 
flat-bottomed  boats.  They  are  then  culled  or  sorted,  and  the  bulk  of 
each  boat  load,  not  being  at  once  marketable,  is  scattered*  broadcast 
with  shovels  upon  the  selected  bedding-grounds  above  low- water  mark. 
This  is  done  when  such  oyster-grounds  are  sufficiently  covered  by  the 
tides  to  permit  the  free  passage  of  boats.  Two  and  a  half  years  is  the 
usual  time  required  for  the  desired  growth. 

Each  oysterman  marks  the  boundaries  of  his  bed  of  transplanted 
oysters  with  young  pine  saplings  from  which  most  of  the  branches  have 
been  trimmed,  the  tops  being  left  to  render  such  marks  more  conspic- 
uous. Some  planters  occupy  as  much  as  100  acres  of  tide  land  in  this 
way. 

For  transplanting,  sandy  or  other  smooth  bottom  is  preferred;  it 
should  be  clean  and  free  from  seaweed.  It  is  claimed  that  in  such 
situations  oysters  reach  their  fall  size  much  sooner  than  on  muddy 
bottom.  Seaweed  or  grass  grows  rankly  in  many  parts  of  Willapa 
Bay,  and  in  the  vicinity  of  Oysterville  has  taken  fall  i>o8ses8ion  of 
large  tracts  that  were  formerly  valuable  for  oysters.  It  is  frequently 
mowed,  but  this  is  difficult  work  and  can  only  be  favorably  done  at 
one  stage  of  the  tide  when  the  depth  of  water  is  only  a  few  inches, 
while  floating  weed  is  likely  to  accumulate  against  boundary  stakes 
and  break  them  down. 

Oyster  beds  here  are  not  inclosed  by  closely  set  stakes,  there  being 
no  destructive  stingrays  as  at  San  Francisco.  Starfish  are  abundant 
upon  the  natural  beds  along  the  channels,  and  are  constantly  destroyed 
by  the  oystermen  when  tonged  up.  Occasionally  severe  winters  are 
ruinous  to  the  transplanted  beds,  as  the  oysters  freeze  by  being  left 
exposed  at  low  tide.  In  1888  the  cold  weather  killed  GO  per  cent  of  all 
oysters  laid  out  above  low- water  mark. 

After  the  culling  operation,  salable  oysters  are  thrown  into  floats, 
through  which  the  water  passes  freely,  for  safekeeping  until  sacked  for 
shipment.  Sacks  holding  nearly  2  bushels  of  oysters  sell  for  $1.75  per 
sack. 

An  average  of  nearly  400  baskets  of  Willapa  Bay  oysters  go  to  San 
Francisco  by  each  steamer.  Steamers  run  every  four  days,  and  as  the 
baskets  hold  nearly  a  bushel,  it  is  probable  that  over  35,000  bushels  are 
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^^d  in  San  Francisco  annually.    These,  at  the  Willapa  Bay  price  of 
*1»75  per  sack  (of  2  bushels),  are  worth  $30,625.    Very  nearly  as  many 
So  to  Portland  as  to  San  Francisco.    The  remainder  goes  to  the  smaller 
^Wns  of  Washington  and  Oregon. 

Bay  Center. — ^Three  or  four  times  as  much  oystering  is  carried  on 
<^ere  as  at  any  other  place  in  the  bay,  and  during  the  past  two  years 
the  business  has  greatly  increased.  The  total  population  is  about  200, 
one-third  being  Indians.  The  latter  class  is  largely  employed  in  the 
labor  of  culling.  A  few  Chinamen  are  also  employed  as  cullers  and 
render  excellent  service.  There  are  fifteen  proprietors  in  the  business 
here,  employing  a  fleet  of  15  plungers,  35  bateaux,  and  18  floats.  ^^  The 
Kative  Oyster  Company"  of  Bay  Center  ships  chiefly  to  the  Portland 
market. 

OysterviUe. — ^There  are  over  1,000  acres  of  transplanted  beds  here. 
The  village  is  of  about  the  saiae  size  as  Bay  Center,  and  like  it  is 
8upi)orted  chiefly  by  the  oyster  industry.  OysterviUe  was  formerly  the 
chief  seat  of  the  fishery,  but  the  beds  have  become  so  thickly  covered 
with  grass  that  much  of  the  business  has  been  transferred  to  Bay  Cen- 
ter. There  are  at  present  but  ten  proprietors  engaged  in  the  oyster 
business. 

Bruceport  and  If^orth  Cove. — At  Bruceport,  which  occupies  the  third 
place  in  oyster  production  in  Willapa  Bay,  similar  methods  and  con- 
ditions prevail.  The  oyster  business  at  Korth  Cove  is  chiefly  carried 
on  by  the  crew  of  the  life-saving  station  located  there,  who  restrict  it 
to  the  cultivation  of  '^  plants  "  purchased  from  other  parts  of  the  bay. 
The  area  of  transplanted  beds  in  the  latter  place  amounts  to  about  25 
acres,  yielding  nearly  500  sacks  per  annum. 

Temperature. — It  is  not  unlikely  that  the  summer  temperature  of  the 
extreme  southern  part  of  Willapa  Bay  may  be  close  to  that  of  San 
Francisco,  and  that  eastern  oysters  would  propagate  there.  From  the 
shelly  nature  of  the  bottom  they  might  be  expected  to  do  well,  pro- 
vided the  conditions  of  temperature  were  similar.  It  is  certain  that 
the  native  oysters  of  this  bay  breed  freely  at  San  Francisco.  We  know 
nothing  as  yet  about  the  summer  temperature  of  the  water  in  this  bay, 
except  as  it  is  indicated  by  observations  made  by  the  Coast  Survey 
steamer  Qedney  in  the  northern  part.  The  temperature  even  there  may 
be  higher  than  the  following  table  indicates,  as  the  observations  were 
all  made  at  4  a.  m.,  when  the  temperature  is  usually  lowest,  day  tem- 
peratures being  as  a  rule  higher.  Banging,  as  it  does,  usually  no 
lower  than  60^  at  4  a.  m.,  for  August  and  for  that  part  of  July  covered 
by  the  record,  it  is  probable  that  the  temperature  would  not  be  lower 
than  65^  for  afternoon  observations.  Assuming  a  summer  temperature 
of  60^  to  65^  for  that  part  of  the  bay  nearest  the  sea,  we  may  reason- 
ably expect  to  find  the  water  decidedly  warmer  in  those  parts  of  the 
bay  15  or  20  miles  back  from  the  sea.  A  careful  study  of  the  temx>era- 
tare  of  tlw  loc^Uty  would  no  doubt  yield  important  information* 
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Surface  temperature  taken  at  4  a,  m^  daily,  by  the  U.  S,  Coast  Surv^  steamer  Gedney 

in  Willapa  Bay,  1890, 
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58 

16 

59 

17 

52 

ao 

55 

23 

54 

24 

56 

27 

53 

29 

60 

Oct.  5 

56 

0 

56 

8 

54 

9 

55 

12 

54 

13 

54 

17 

52 

18 

52 

19 

54 

21 

52 

23 

58 

25 

53 

27 

54 

29 

53 

Nov.  2 

56 

4 

54 

5 

82 

8 

50 

Locality. 


Nortli  Cove 

Do 

Do 

Do 

Do 

Do 

Toke  Point 

South  Bend 

Do 

Do 

North  Cove 

Do 

Toke  Point 

South  Bend 

Toke  Point 

Do 

Do 

Do 

Do 

South  Bend 

Do 

Willapa  Bay 

Sanahine  (^asal  River) 
Sealand 

Do 

Do 

Do 

Do 

North  Cove 

Do 

Do 

Do 


Date. 


Temp. 


Locality. 


July  26 

1 

670 

27 

62 

28 

56 

29 

61 

30 

60  1 

31 

62 

Aug.  1 

61 

2 

65 

8 

65 

4 

64 

6 

60 

6 

61 

7 

61 

10 

61 

12 

62 

13 

62 

14 

63 

15 

63 

16 

60 

17 

64 

18 

64 

19 

60 

20 

00 

21 

61 

22 

62 

23 

62 

24 

63 

r> 

02 

29 

62 

30 

62 

31 

59 

Sept.  8 

58 

North  Cove 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Willapa  Bay 

North  Cove 

South  Bend 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sunahine  (Nasal  jRiver) . 

Do 

Do 

Do 

Do 

Do 

Do 

North  Cove 


BoatSy  etc. — The  sloops  employed  in  Willapa  Bay  are  usually  similar 
to  those  in  use  at  San  Francisco,  where  most  of  them  are  built.  In 
fact,  both  the  oyster-planting  companies  of  Sau  Francisco  have  large 
interests  in  the  oyster  industry  of  Shoalwater  Bay,  and  when  possible 
similar  fishery  appliances  are  employed.  In  both  localities  the  sloop  is 
designated  as  "  plunger.'' 

The  'Afloat"  in  which  oysters  are  stored  for  market  is  a  simple  affair 
with  the  floor  pieces  separated  to  admit  the  water  freely.  It  is  sup- 
ported at  the  sides  and  ends  upon  unhewn  logs  or  other  solid  timbers, 
sufficient  to  keep  it  afloat  even  when  heavily  loaded  with  oysters.  Air 
boxes  are  not  used  for  that  purpose,  as  in  the  San  Francisco  type  of 
float.    The  usual  size  is  12  feet  by  30  feet. 

The  "  bateau,"  as  the  craft  for  tonging,  culling,  etc.,  is  locally  styled, 
is  quite  diflFerent  from  the  oyster  barge  or  scow  of  San  Francisco,  where 
a  larger  and  heavier  boat  is  used.  It  is  usually  about  30  feet  long, 
with  the  general  plan  of  the  sharpie — the  bow  sharp,  stem  square,  bot- 
tom flat,  and  sides  flaring.  The  bow  and  stern  are  partially  decked, 
and  there  is  a  washboard  along  the  sides.  Sometimes  it  is  fitted  for 
sailing,  being  then  cat-rigged,  with  centerboard  and  outside  rudder. 
A  few  bateaux  are  decked  entirely  over,  the  oysters  taken  in  tonging 
being  heaped  upon  the  deck,  where  they  are  afterward  culled.  This 
style  is  now  preferred  by  many  oystermen,  because  it  requires  no  bail- 
ing out,  and  permits  the  ready  washing  of  oysters  in  culling,  as  the 
water  dashed  upon  them  runs  freely  over  the  sides.     When  the  great 
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rainfall  of  this  region  is  taken  into  consideration,  there  is  an  advantage 
for  the  boat  that  requires  no  bailing  out. 

This  light-draft  tyi>e  of  boat  is  well  adapted  to  the  shallow  waters 
of  the  bay  where  it  has  developed.  It  will  float  more  oysters  in  slight 
depths  of  water  than  any  vessel  of  its  size  with  which  I  am  acquainted. 
A  couple  of  them  have  recently  been  taken  to  San  Francisco,  where 
they  are  known  as  Shoal  water  Bay  boats.  In  the  form  with  flush  deck 
the  oysters  are  kept  from  rolling  overboard  by  light  bulwarks,  8  or  10 
inches  high,  at  the  sides.  Another  craft  in  use  here  is  the  house  boat, 
which  is  a  simple  scow,  upon  the  deck  of  which  a  house  is  constructed 
for  warmth  and  protection  in  winter  culling  of  oysters.  A  stove  may 
be  added  if  desired. 

PUGET  SOUND. 

The  following  statement  of  the  oyster  fishery  of  Puget  Sound  is  from 

the  report  of  the  State  fish  commissioner,  Mr.  James  Crawford,  for  1890. 

To  this  I  can  add  but  little,  as  heavy  rains  and  unfavorable  tides  did 

ottot  permit  satisfactory  investigations  during  my  brief  stay  at  Olympia: 

The  table  below  gives  the  location  of  the  principal  transplanted  oyster  beds  on 
3?nget  Sound,  average  number  of  sacks  produced  per  week,  and  number  of  acres  in 
«:nltivation : 


Location. 


MndBav 

Oyster  Bay ... 
Big  Skookum. 
North  Bay.... 
Hood  Canal.. 
SamlshBay... 
Scattering 

Total.... 


Weekly 

oatpnt, 

sacks. 

Acres. 

40 

46 

76 

100 

45 

40 

70 

100 

90 

26 

25 

25 

40 

16 

345 

850 

The  above  average  is  for  eight  months  in  the  year.  During  four  months  of  summer 
^ot  more  than  one-third  of  the  amonnt  given  above  is  averaged.  The  number  of 
^ores  now  in  cultivation  could  easily  be  doubled  if  the  demand  required  it,  and  will 
^ost  probably  be,  as  now  perfect  title  can  be  secured  to  the  tide  lands  upon  which 
the  oyster  beds  are  located.  There  are  about  125  persons  engaged  in  gathering 
Oysters  in  the  district,  60  of  whom  are  Indians.  Oysters  are  valued  at  $1.75  per  sack 
of  2  bushels  each. 

• 

The  industry  does  not  appear  to  be  a  thriving  one.  In  fact,  a  dozen 
years  ago,  before  eastern  oysters  and  the  native  oysters  of  WiUapa 
IBay  were  commonly  available  on  Puget  Sound,  the  local  resources  were 
more  systematically  worked  than  they  are  now.  Capt.  W.  J.  Doane, 
of  Olympia,  informed  me  that  he  once  had  a  wholesale  oyster  business 
amounting  to  nearly  1,009  sacks  a  week.  These  were  supplied  to  all 
the  towns  of  the  region,  from  Olympia  to  Victoria.  His  trade  is  at 
present  confined  to  Olympia. 

The  best  native  oyster  localities  of  the  region  are  doubtless  in  the 
vicinity  of  this  place.    Budd  Inlet  was  formerly  good  oy«>tecVsi%  ^tqvsxA^ 
H,  MiB.  113 24 
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but  the  growth  of  the  town  and  the  conversion  of  the  inlet  into  the 
present  harbor  of  Olympia  have  been  disastrous  to  the  original  oyster 
deposits.  Those  bays  and  inlets  of  the  sound  which  receive  rivers  are 
better  adapted  for  oyster  cultivation  than  those  with  more  salty  waters. 
The  inlets  of  the  Olympia  region  are  well  supplied  in  this  respect. 
There  are  extensive  natural  oyster  deposits  in  the  vicinity  of  Belliug- 
ham  Bay,  Samish  Bay,  Port  Discovery,  Port  Orford^  Hood  Canal,  and 
many  other  places  in  Puget  Sound^  but  many  of  them  are  remote  from 
firesh  water.  Oyster  Bay,  near  Olympia,  is  considered  the  most  flavor- 
able  of  the  localities  for  oyster-cultivation. 

Puget  Sound  abounds  in  starfish,  which  are  considered  very  destrac- 
tive  to  the  native  oysters. 

The  close  season  from  May  15  to  September  1  is  not  enforced. 

Indians  are  the  natural  laborers  in  this  field  of  industry,  and  the 
few  whites  engaged  in  it  have  expended  very  little  money  in  any  branch 
of  oyster-cultivation. 

Surface  temperatures  taken  by  U,  S,  Coast  Survey  steamer  MoArihur  at  Olympia,  1891, 


Kov.  25 
Nov.  26 
Nov.  27 
Nov.  28 
Nov.  20 
Nov.  30 


46o(4a.  m.) 
490  (4  a.  m.) 
480  (4  a.  m.) 
410  (4  a.m.) 
440  (4  a.  m.) 
470  (4  a.m.) 


520  (4  p.m.) 
SOP  (4  p.m.) 
50°  (4  p.  m.) 
51°  (4  p.  ra.) 
480  (4  p.  m.) 

510  (4  p.  m.) 


Dec.  1 
Dec  2 
Dec.  3 
Dec  4 
Dec.  5 


46°  (4  a.  m.) 
400  (4  a.m.) 
370  (4  a.m.) 
320  (4  a.  m.) 
31°  (4  a.  m.) 


440  (4  p.  m.) 
430  (4  p.  m.) 
430  (4  p.  m.) 
38(>  (4  p.  m.) 
36°  (4  p.m.) 


EASTERN  OYSTERS  IN  PUGET  SOUND  AND  WILLAPA  BAY. 

Governor  E.  P.  Ferry,  of  Washington,  informed  me  that  he,  in  com- 
pany with  Col.  Laramie  and  Mr.  William  P.  Wright,  made  an  experi- 
ment in  planting  eastern  oysters  near  Olympia  many  years  ago.  The 
history  of  the  experiment  is  lost,  but  Governor  Ferry's  recollection  of 
it  is  that  two  sacks  of  oysters  were  put  in  Budd  Inlet,  about  2  miles 
from  Olympia.  They  were  perhaps  not  properly  looked  after,  as  they 
were  soon  lost  sight  of.  It  was  observed,  however,  that  they  lived  for 
several  weeks.  The  history  of  eastern  oysters  in  Willapa  Bay  is  simi- 
lar;  a  few  sacks  only  were  laid  out  in  the  vicinity  of  Oysterville.  They 
lived  as  well  as  those  at  San  Francisco,  but  no  signs  of  propagation 
were  ever  discovered.  It  was  conceded  by  oystermen  that  there  were 
hardly  enough  of  them  to  insure  fertilization.  This  experiment  was 
made  several  years  ago  and  has  never  been  repeated.  Many  oyster- 
men  of  Willapa  Bay  are  disposed  to  try  bedding  eastern  oysters  when 
they  can  get  direct  railway  communication  with  the  Atlantic  coast. 

TIDE  LAin^S  OP  WASHINGTON. 

The  following,  relative  to  the  sale  of  tide  lands  in  Washington,  is 
from  the  report  of  the  State  fish  commissioner  for  1890 : 

The  law  passed  by  the  reoent  legislature  (known  as  the  ''tide-land  bill''),  giving 

the  right  to  purchase  tide  land  from  the  State,  thus  securing  perfect  title  to  t^eir 

traDBplanted  beds,  will,  in  the  opinion  of  nearly  aU  the  most  prominent  oystermen, 

oaaae  a  remarkable  growth  in  the  oystei  VndxiBViT^,  tt&  Y^q>x  to  the  enactment 
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of  each  a  law  many  were  deterred  from  embarking  in  the  business  because  they 
conld  not  acquire  perfect  title  to  the  tide  lands  on  which  young  oysters  are  planted 
after  being  taken  from,  their  natural  beds.  The  railways  now  being  built  to  Willapa 
Bay  will  also  be  an  incentive  to  many,  as  the  lack  of  transportation  facilities  and 
the  high  tariff  charged  by  the  present  transportation  lines  make  the  margin  of  profit 
so  small  that  none  but  large  dealers  can  successfully  carry  on  the  bosinees. 

• 
THE  OYSTER  LAWS  OF  WASHINGTON. 

[Hill's  Statutes  and  Codes  of  Washington,  1891.] 

2585.  (Right  to  plant  oysters  maybe  acquired.)  A  person  being  a  citizen  of  this 
State,  who  has  planted  or  who  may  hereafter  plant  oysters  in  any  bay  or  arm  of  the 
sea  where  there  are  no  natural  beds  of  oysters  within  or  bordering  upon  this  State,  may 
acquire,  by  conforming  to  the  requirements  of  this  chapter,  an  exclusive  right  for 
snch  a  purpose  to  that  portion  of  such  bay  or  arm  of  the  sea  as  he  shall  so  occupy, 
not  exceeding  for  any  one  person  an  area  of  more  than  20  acres :  Providedj  That  no 
person  or  persons  shall  locate  or  cause  to  be  located  oyster  beds  in  any  way  interfering 
with  the  free  use  and  privilege  of  any  person  or  persons  cutting  timbers  or  logging, 
or  couveying  said  logs  to  market. 

2586.  (Oyster  claims — ffow  initiated — Must  be  recorded.)  The  person  desiring  the 
benefits  of  the  preceding  section  shall  cause  the  place  or  portion  he  desires  to  claim 
to  be  marked,  so  far  as  is  practicable,  with  stakes  or  other  artificial  marks  at  the 
comers,  with  bearings  to  adjacent  natural  objects,  and  shall  make,  before  some  officer 
qualified  to  administer  oaths,  an  affidavit  that  he  has  taken  the  premises  so  described 
for  the  purpose  of  planting  oysters,  and  that  he  has  planted  or  is  about  to  plant 
oysters  thereon ;  that  said  premises  are  not  iipon  and  do  not  include  any  natural  bed 
of  oysters,  and  that  the  same  are  not  occupied  and  claimed,  in  accordance  with  law^ 
except  by  himself;  and  if  said  premises  shall  have  heretofore  been  taken  and  oysters 
planted  thereon,  then  within  three  months  after  the  padsage  of  this  act,  and  if  they 
shall  hereafter  be  taken,  then  within  one  month  after  taking  the  same,  the  person 
having  so  taken  or  taking  the  said  premises  shall  cause  his  claim,  with  a  description 
thereof  and  affidavit  as  above  required,  to  be  recorded  by  the  county  auditor  of  the 
county  in  which  they  may  be  situated. 

2587.  (Extent  and  number  of  oyster  beds  of  single  claimant.)  The  same  person  may 
claim  and  occupy  more  than  one  place-  Provided,  The  premises  so  claimed  by  him  do 
not  in  all  occupy  an  area  greater  than  20  acres:  And  provided  further,  That  in  those 
places  used  and  occupied  for  the  purpose  of  bedding  marketable  oysters,  no  one  person 
shall  occupy  an  area  greater  than  100  by  200  feet,  or  20,000  feet  of  superficial  area. 

2588.  (Conveyance  of  right  to  oyster  beds.)  Any  person  may  transfer  his  right  to  any 
other  person  qualified  to  hold,  by  signing  the  transfer  upon  record,  in  the  presence 
of  the  auditor,  or  by  a  written  transfer  witnessed  and  acknowledged  in  the  same 
manner  as  is  or  may  be  required  for  deeds. 

2589.  (Record  of  oyster  claims.)  It  shall  be  the  duty  of  the  county  auditor  of  any 
county,  where  claims  and  transfers  made  under  the  provisions  of  this  chapter  are 
presented  to  him  for  record  or  entry,  to  receive  and  record  the  same  in  a  sc]iarate 
book  provided  for  this  purpose,  iipon  being  paid  the  same  fees  as  are  allo(ved  in 
similar  cases. 

2590.  (Unlawful  fornon-residents  to  take  oysters.)  From  and  after  the  approval  of 
this  act  it  shall  not  be  lawful  for  any  person  who  is  not  at  the  time  an  actual  inhab- 
itant and  resident  of  this  State,  and  who  has  not  been  for  six  months  next  preceding 
an  actual  inhabitant  or  resident  as  aforesaid,  to  take  or  gather  oysters,  either  on  his 
own  account  or  on  account  of  others,  for  sale  or  trauHportation,  in  any  of  the  rivers, 
bays,  or  waters  of  this  State ;  and  on  conviction  shall  bo  fined  in  any  sum  not  exceed- 
iug  $500  nor  less  than  $100,  or  to  imprisonment  in  the  county  jail  for  a  period  not 
exceeding  six  months  nor  less  than  one  month,  or  both,  at  the  di^ctetVou  oi  \[XiA  c.o>\x\»< 
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2591.  {Dredging  for  oysters  heUno  lowest  ehh  tide  prohibited.)  It  ehall  not  be  lawful 
for  any  person  to  rake  for  or  gather  oysters  in  any  of  the  rivers,  bays,  or  waters  of 
this  State  with  a  dredge,  or  implement  so  called,  or  be  employed  npon  any  canal 
boat,  or  vessel  engaged  in  the  taking  of  oysters  by  the  process  of  dredging  in  any  of 
the  waters  aforesaid,  not  above  the  lowest  ebb  tide;  and  on  conviction  thereof  shall 
be  fined  in  any  sum  not  exceeding  the  sum  of  $50,  or  to  imprisonment  in  the  coonty 
jail  for  a  period  not  exceeding  twentydays  nor  less  than  ten  days,  or  both,  in  the 
discretion  of  the  court. 

2592.  {Taking  of  oysters  prohibited  during  certain  times,)  It  shall  not  be  lawful  for 
any  person  to  rake,  scrape,  or  gather  oysters  in  any  of  the  rivers,  bays,  or  waters  of 
this  State,  for  any  purpose  whatever,  from  the  15th  day  of  May  until  the  first  day 
of  September  of  each  year;  and  on  conviction  thereof  shall  be  fined  in  any  sum  not 
exceeding  the  sum  of  $50  for  each  o£fense,  or  to  imprisonment  in  the  county  jail  for 
a  period  not  exceeding  twenty  days  nor  less  than  ten,  or  both,  at  the  discretion  of 
the  court. 

2593.  {Snuill  oysters  to  be  returned  to  beds,)  It  shall  not  be  lawful  for  any  person  to 
destroy  oysters  taken  fix)m  the  natural  beds  by  assorting  or  culling  them  on  land  or 
shore  and  leaving  the  small  oysters  that  are  there  to  die;  but  in  all  cases  the  small 
oysters  shall  be  returned  to  their  natural  beds,  or  to  private  beds  for  cultivation. 
And  if  any  person  shall  offend  against  the  provisions  of  this  section,  or  in  any  way 
wantonly  destroy  the  small  oysters,  he  shall,  on  conviction  thereof,  be  liable  to  a 
fine  for  each  offense,  or  imprisonment  as  prescribed  in  section  2591  of  this  volume 
of  general  statutes. 

2594.  {Right  acquired  by  discovery  of  oyster  bed,)  Any  person  or  persons,  being  a 
citizen  or  citizens  of  the  United  States,  who  shall  discover  any  bed  or  beds  of  oysters 
in  any  bay  or  arm  of  the  sea  bordering  upon  this  State  that  has  not  been  before  dis- 
covered, shall,  by  right  of  said  discovery,  be  entitled  to  the  exclusive  right  or  priv- 
ilege of  gathering  or  dredging  oysters  on  said  bed  or  beds  for  the  term  of  five  years. 
The  person  or  persons  making  such  discovery,  who  desires  to  avail  himself  of  the 
rights  and  privileges  hereby  granted,  shall  be  required  to  designate  the  place  and 
area  of  the  bed  or  beds  so  discovered,  with  the  stakes  or  other  artificial  marks, 
and  shall  make  affidavit  before  the  county  auditor  of  the  county  in  which  such  dis- 
covery has  been  made  that  he  located  the  premises  so  discovered,  accompanied  by  a 
description  and  diagram  of  the  same,  which  shall  be  filed  in  the  office  of  said  county 
auditor :  Provided,  That  the  restriction  and  protection  of  the  discoveries  shall  be  10 
acres. 

2595.  ( Unlawful  to  gather  oysters  from  beds  located  by  another — Penalty, )  It  shall  not 
be  lawful  for  any  person  to  gather  by  any  means  on  any  beds  located  in  accordance 
with  the  preceding  section,  except  at  the  option  and  by  the  permission  of  the  party 
or  parties  holding  the  same,  under  a  penalty  of  $500  fine  for  so  offending,  or  impris- 
onment, to  be  recovered  in  a  civil  action,  to  be  brought  in  the  name  of  tiiie  State. 

2596.  {Time  allowed  certain  persons  in  which  to  remove  oyster  beds.)  Any  person  who 
has,  prior  to  the  26th  day  of  March,  A.  D.  1890,  planted  oyster  beds  upon  any 
of  the  shore  lands  of  this  State,  shall  be  granted  a  period  of  not  less  than  six 
months  nor  more  than  three  years  after  said  land  has  been  sold  by  the  State  to 
remove  the  same ;  the  time  to  be  determined  by  the  commissioner  of  public  lands. 
And  any  person  shall  have  the  exclusive  possession  of  said  tide  or  shore  lands 
during  the  time  that  he  has  to  remove  said  oyster  beds  under  the  provisions  of  this 
act :  Provided,  That  in  case  any  planter  of  oysters  shall  fail  within  the  time  allotted 
to  remove  the  said  oysters,  he  shall  be  deemed  to  forfeit  the  same  to  the  purchaser 
or  owner  of  said  lands :  Provided,  That  this  shall  not  apply  to  tide  lands  within  two 
miles  of  an  incorporated  city. 

2597.  {Construction  of  word  ** person.")  Wherever  the  word " person "  is  used  in 
t^is  act,  it  shall  be  deemed  to  mean  person,  persons,  firm,  or  corporation. 
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3— REPORT  ON  THE  COAST  FISHERIES  OF  TEXAS. 


By  Charles  H.  Stevbxbok. 


niTRODtrCTORT. 

The  published  information  regarding  the  fisheries  of  Texas  is  very 
meager,  and  consists  almost  entirely  of  the  accounts  contained  in  two 
reports*  of  the  U.  S.  Fish  Commission^  one  relating  to  the  year  1880, 
the  other  being  a  condensed  statement  based  on  an  inquiry  made  in 
January  and  February,  1891.  Outside  of  the  localities  in  which  the 
fisheries  are  prosecuted  little  knowledge  exists  as  to  their  extent, 
methods,  and  importance;  and  in  considering  the  natural  resources  of 
the  State,  the  vastness  of  its  other  branches  is  apt  to  completely  over- 
shadow the  fisheries.  In  the  investigation  of  1891  the  coastal  regions 
of  Texas  were  canvassed  by  the  writer,  in  the  capacity  of  a  field  agent 
of  the  Division  of  Fisheries,  and  the  present  report  represents  the  re- 
sults of  personal  observations  made  at  that  time.  All  the  important 
fishing  centers  were  visited,  and  the  principal  fishermen,  fish-dealers, 
etc,  were  interviewed.  Owing  to  the  increasing  prominence  of  the 
oyster  industry,  special  attention  was  given  to  a  study  of  its  methods 
and  conditions  in  the  different  localities. 

Some  difficulty  was  experienced  in  obtaining  correct  data  regarding 
the  quantity  of  the  various  species  of  fish  taken.  As  a  rule  no  books 
are  kept  by  the  fishermen  or  marketmen  in  such  manner  as  to  be  of 
value  in  determining  the  quantity  of  products  handled;  and  the  state- 
ments made  regarding  these  data  differed  greatly,  even  as  to  the  fish- 
eries of  particular  localities.  Consequently,  for  information  as  to  the 
quantity  of  products,  it  was  necessary  to  depend  largely  on  the  records 
in  the  offices  of  the  various  transportation  companies.  This  was  quite 
satisfactory  as  regards  the  total  quantity  of  fish  obtained,  but  of  little 
value  in  determining  the  quantities  of  the  various  species  taken  from 
the  water.  Hence  the  figures  given  in  this  report  for  the  different 
species  of  fish  taken  must  be  accepted  as  only  approximately  correct 

*The  Fisheries  and  Fishery  Indastries  of  the  United  States,  4to,  7  volomesy 
Washington,  1884-OT. 

A  Statistical  Beport  on  the  Fisheries  of  the  Gnlf  States.  BoUetin  U.  S.  Fish  Com- 
mission, 1S91.    Washington,  1892. 
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IBSPOR^ANCB  OF  THB  FISHERIES. 

The  investigations  by  the  XT.  S.  Fish  Commission  in  1880  showed  that 
the  number  of  men  employed  in  the  fisheries  of  Texas  was  601;  the 
capital  investecl,  $42,400;  and  the  weight  of  the  fish  taken,  3,858,875 
pounds,  valued  at  $128,300.  In  1890  the  number  of  men  engaged  in  the 
fishery  industries  of  the  State  was  1,277;  the  value  of  property  em- 
ployed, $315,427,  and  the  weight  of  the  products  was  7,961,400  pounds, 
for  which  the  fishermen  received  $313,912. 

On  account  of  the  incomplete  transportation  facilities,  the  difficulty 
of  preserving  fish  in  a  warm  climate  for  a  considerable  length  of  time^ 
and  the  generally  undeveloped  condition  of  afiairs  on  the  coast,  the 
fisheries  of  this  State  have  not  heretofore  attracted  great  attention. 
They  have  been  controlled  and  prosecuted  mainly  by  Mexicans  and 
natives  of  Southern  Europe,  who  were  usually  unfamiliar  with  the 
methods  in  use  at  other  fishing  localities  in  this  country.  But  with  the 
improvement  and  extension  of  the  railroad  system  of  the  Southwest, 
the  cheapening  of  ice  by  manufacture,  and  the  extensive  immigration 
which  this  section  of  the  country  is  now  attracting,  the  fisheries  give 
promise  of  being  at  some  time  classed  among  the  important  industries 
of  the  State.  The  entire  State,  together  with  New  Mexico,  Colorado, 
Kansas,  and  a  large  part  of  Mexico  will  be  thus  benefited  by  receiving  a 
ready  and  fresh  supply  of  salt  water  fish. 

At  present  "bay  seining"  is  the  most  important  fishery  in  Texas. 
The  oyster  industry  is  second  in  extent,  but  will  doubtless  rank  first 
within  a  few  years.  These  two  fisheries  are  prosecuted  extensively  all 
along  the  coast.  Each  locality  also  has  its  own  minor  fisheries,  such 
as  the  turtle,  the  shrimp,  the  crab,  the  flounder,  the  surf-seine,  the 
cast-net,  and  the  hookand-line. 

Aside  from  the  surf  seines  in  use  on  Galveston  Island,  some  hook-and- 
line  fishing  at  different  places,  and  an  occasional  trip  of  a  harbor  boat 
from  Galveston  to  the  red-snapper  banks,  all  the  fisheries  of  Texas 
are  confined  to  the  bays  and  their  estuaries  along  the  coast.  Of  the 
7,961,400  pounds  of  marine  products  obtained  by  the  fishermen  of 
Texas  in  1890,  the  quantity  taken  from  the  Gulf  proper  is  estimated  at 
less  than  300,000  pounds. 

Since  1880  all  the  Texas  fisheries  have  increased  in  extent  excepting 
for  shrimps,  which  are  reported  as  less  abundant  than  they  were  ten 
years  ago.  The  catch  in  1880  was  637,600  pounds,  while  in  1890 
the  quantity  taken  in  both  the  seines  and  cast  nets  amounted  to  only 
179,800  pounds.  The  oyster  and  bay- seine  fisheries  exhibit  the  great- 
est actual  increase  in  the  value  of  products. 

The  growth  of  the  fisheries  is  due  principaDy  to  the  development  of 
the  methods  of  marketing  the  catch.  The  shipping  fskcilities  along  the 
coast,  except  at  one  or  two  places,  have  been  greatly  increased  daring 
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in  the  coastal  waters  of  Texas.  They  would  be  of  little  service  in  these 
waters,  not  only  on  account  of  the  damage  that  would  be  done  to  them 
bypredaceous  fish,  but  also  because  the  high  temperature  of  the  water 
would  necessitate  at  too  frequent  intervals  their  being  raised  to  remove 
the  fish  whUe  in  good  condition. 

THE  SHRIMP-SEINE,  SURF-SEINE,  AND  GREEN-TURTLE  FISHERIES. 

Around  Galveston  Island,  besides  the  bay-seine  fishery,  two  special 
forms  of  seine  fishery  are  found  in  practice,  one  for  taking  shrimp  in 
Galveston  Bay,  the  other  used  in  the  surf  on  the  south  side  of  Galves- 
ton Island  for  obtaining  sand  trout,  large  redfish,  etc.  As  they  were 
found  at  no  other  locality,  the  discussion  of  these  fisheries  will  be 
included  in  the  description  of  the  fisheries  of  Galveston  Bay. 

Large  green  turtle  {Chelonia  mydas)  occur  more  or  less  abundantly 
all  along  the  Texas  coast;  a  few  are  taken  by  the  fishermen  of  Point 
Isabel,  but  as  their  capture  and  utilization  centers  at  Aransas  Bay  a 
description  of  this  fishery  will  be  found  in  the  notes  on  that  locality. 

HOOK-AND-LINE  FISHERIES. 

While  seine  fishing  continues  so  successful  as  at  present,  it  is  not 
probable  that  an  extensive  hook-and-line  fishery  will  be  developed  in 
the  Texas  waters ;  yet,  from  all  the  bays  along  the  coast  and  in  the  many 
rivers  throughout  the  State,  quantities  of  fish  are  taken  in  this  way 
by  sportsmen  as  well  as  by  those  men  who  engage  in  the  other  fisheries. 

Catfish  are  taken  on  trot  lines  and  by  means  of  hand  lines  in  Sabine 
Lake,  Guadalupe  Biver,  Bio  Grande,  and  to  a  less  extent  in  many 
other  streams.  These  are  the  large  mud  or  channel  catfish  common  in 
the  Mississippi  Biver  and  the  Southern  States.  They  sometimes  attain 
a  weight  of  50  and  even  70  pounds.  They  are  quite  well  liked  in  this 
State,  in  some  of  the  interior  towns  being  preferred  to  redfish  or  trout. 

Some  line  fishing  in  the  surf  is  engaged  in  on  the  south  side  of  Gal- 
veston Island,  and  at  one  or  two  other  places.  From  all  the  coast  set- 
tlements some  hand  lines  are  used  for  taking  redfish,  trout,  sheepsbead, 
tarpon,  and  other  kinds  common  on  the  coast.  More  redfish  are  taken 
in  this  manner  than  any  other  single  species,  mullet  and  shrimp  being 
the  most  popular  baits  used  for  them.  They  are  very  gamy,  and  a  25- 
pound  redfish  will  give  plenty  of  sport. 

The  tarpon,  known  in  Texas  also  as  "  grande  ^caille"  or  '^savanilla," 
are  abundant,  but  not  frequently  landed.  Jewfish  attract  much  atten- 
tion in  the  spring.  The  Mexican  fishermen  call  this  fish  the  ^^  guasa," 
and  at  Pensacola  it  is  known  by  the  name  of  ^<  warsaw,"  doubtless  a 
corruption  of  "  guasa.''  In  Texas  it  is  also  called  the  " junefish,"  be- 
cause of  its  being  more  plentiful  in  June  than  at  other  times.  Grabs 
and  mullet  are  used  as  bait.  Occasionally  fish  of  this  specie-s  weighing 
over  500  pounds  are  taken.  In  Aransas  Bay,  in  1890,  a  jewfish  was 
caught  which  weighed  597  pounds  round  weight. 
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BED-SNAPPEB  FISHEBY. 

^^Ontside  fishing"  from  vessels  is  also  engaged  in  occasionally,  the 
species  sought  being  the  red  snapper.  All  along  the  coast  of  Texas 
from  Sabine  Pass  to  the  mouth  of  the  Eio  Grande  there  is  an  irreg- 
ular series  of  banks,  or  reefis,  on  which  these  fish  may  be  taken.  On 
account  of  there  being  no  extensive  fishing  for  them  in  this  part  of  the 
Gulf  of  Mexico,  the  location  of  these  banks  is  not  generally  known,  and 
doubtless  but  a  small  number  of  them  have  ever  been  fished  on. 

Following  is  given  the  location  of  the  best-known  reefs  from  which 
red  snappers  have  been  obtained:  Due  south  from  Sabine  Pass  and 
about  13  miles  distant  there  is  a  small  reef  on  which  a  few  vessels  from 
Galveston  fished  several  years  ago;  the  depth  of  water  on  this  reef 
varies  from  7  to  12  fathoms.  Off  Galveston  Island  there  are  two  banks, 
one  southeast  and  distant  about  45  miles,  in  12  fathoms  of  water;  the 
other  about  85  miles  south  of  the  island,  with  a  depth  of  30  to  45  fath- 
oms of  water.  Southeast  of  Cedar  Bayou,  in  15  fathoms  of  water,  there 
is  a  small  bank  from  which  a  few  fish  are  taken  at  times  by  men  living 
at  Aransas  Pass  and  Corpus  Ghristi.  A  small  reef  a  few  miles  south 
of  the  entrance  to  Aransas  Bay  also  attracts  some  attention.  Another 
bank  is  reported  about  6  miles  east  of  Brazos  Santiago  and  Boca 
Chica. 

It  is  highly  probable  that  all  along  the  coast  of  Texas  and  Mexico 
there  are  innumerable  small  patches  of  sea  bottom  where  red  snappers 
and  groupers  are  to  be  obtained.  Off  Sabine  Pans  and  Galveston 
Island  these  reefe  will  probably  be  found  ranging  from  5  to  100  miles 
distant  from  the  shore.  Going  southwest  along  the  coast,  the  width  of 
this  area  becomes  gradually  smaller,  the  limits  of  the  reefs  being  nearer 
the  shore.  Off  Padre  Island  there  are  doubtless  no  snapper  banks  at 
a  g^reater  distance  from  the  shore  than  55  miles. 

Going  southward  the  width  of  sea  bottom  on  which  the  red  snapper 
will  probably  be  found  continues  to  contract.  The  Mexican  fishermen 
report  that  off  Sota  la  Marina  they  have  never  found  them  at  a 
greater  distance  from  the  shore  than  15  miles,  and  similar  reports  are 
received  from  Tampico  and  Vera  Cruz.  This  width  remains  about  the 
same  all  along  the  coast  of  the  State  of  Vera  Cruz  and  until  in  the 
vicinity  of  the  mouth  of  the  Tobasco  Eiver.  Here  the  area  begins  to 
enlarge,  and  rounding  Yucatan  until  Cape  Catoche  is  reached,  the 
grounds  on  which  the  red  snapper  will  probably  be  found  extend  from 
5  to  120  miles  from  the  coast.  On  account  of  the  great  depth  of  water, 
there  can  scarcely  be  extensive  reefs  on  the  Yucatan  coast  beyond  Cape 
Catoche. 

The  grounds  north  and  west  of  Yucatan  constitute  the  well-known 
Campeche  Banks,  which  have  a  reputation  for  being  abundantly  sup- 
plied with  fish,  and  particularly  with  the  red  snapper.  Aside  from  one 
or  two  trips  no  attempts  have  been  made  to  establish  a  fishery  here, 
on  account  of  the  distance  from  American  ports. 
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tOD.  On  acconnt  of  their  large  size  and  the  fact  that  the  mark 
not  accustomed  to  so  large  a  quantity  of  these  fish,  they  were  i 
posed  of  at  a  good  price. 

In  January,  1891,  this  vessel  made  another  trip  to  the  Oai 
Banks,  securing  15,000  pounds  of  fish.  In  the  same  month  oi 
was  made  to  the  reefs  located  about  85  miles  south  of  Oalyeston '. 
firom  which  about  5,000  pounds  of  fish  were  obtained. 

The  attempt  to  market  red  snappers  from  Texas  ports  has  i 
with  the  success  expected.  This  is  due  to  several  reasons,  amon^ 
might  be  mentioned  the  large  size  of  the  fish  and  the  orders  not ! 
been  secured  from  the  inland  markets  before  their  arrival. 

Mr.  Heck,  who  at  present  has  a  retail  fish  market  in  Corpus  ( 
states  that  he  has  fished  from  Vera  Cruz  in  a  52-ton  smack,  wi 
men,  and  obtained  16,000  pounds  of  red  snappers  in  about  five 
There  is  every  reason  to  suppose  that  the  development  of  this 
offers  special  inducements  both  to  fishermen  and  capitalists. 

From  some  of  the  ports  along  the  Texas  coastthe  entire  country 
the  Mississippi  Biver  may  be  cheaply  reached  and  supplied  wi 
excellent  fish.  For  this  purpose  Galveston  affords  superior  fai 
its  freight  and  express  accommodations  being  superior  to  those 
other  port  on  the  Gulf  of  Mexico  west  of  New  Orleans. 

At  Galveston,  under  the  present  conditions  and  prices,  the  fl< 
be  taken  from  the  vessel,  iced,  packed,  and  delivered  in  carload 
fast  freight  to  points  within  1,000  miles,  and  even  to  Chicago, 
cents  per  pound.*    Neither  Pensacola  nor  Mobile  could  readil 
pete  with  Galveston  in  supplying  the  western  half  of  the  United 

THE  FLOUNDEB  FISHERY. 

The  taking  of  flounders  by  means  of  spears  is  engaged  in  duri 
summer  months  by  a  few  persons  living  at  Galveston,  Arausa 
and  Corpus  Christi.    This  fishery  is  proseented  mostly  at  night 
men  wade  out  in  the  shallow  water  carrying  lighted  torches  anc 
1^  flounder  spears  or  some  similar  instruments  of  capture.    Mui] 

of  spears  are  used.  Some  of  the  fishermen  employ  an  ordinar; 
fork  fastened  to  a  stick,  while  others  and  probably  the  most  sue 
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*  At  Galveston  the  price  of  ice  ranges  from  $-4  to  $8  per  ton.    Fast-freigi 
from  Galveston  to  Chicago  are  about  $120  per  carload.     Besides  ice,  etc.; 
carries  about  18,000  pounds  of  tish. 
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ones  use  a  table  fork  without  tlie  extra  stick,  merely  grasping  it  by  the 
liaodle.  The  catch,  which  is  usually  sold  by  the  street  peddlers,  was 
rei>orted  to  have  been  67,000  pounds  in  1890.  This  was  proportioned 
among  the  various  fishing  localities^  as  follows: 


Localities. 


Galveston  Bay 

Aransas  Bay 

Corpus  Cnristi  Bay 

Total 


Foands. 


27.000 

36,000 

4,000 


67,000 


Value. 


$1,600 

1,440 

160 


3,200 


THE   CRAB  FISHERY. 

Tlie  taking  of  crabs  on  the  coast  of  Texas  scarcely  amounts  to  the 
iiuXK>rtance  of  a  commercial  fishery,  yet  about  32,000  dozen  are  caught 
and  marketed  each  year  by  boys  and  other  persons  employed  around 
the  ^--harves.    These  are  taken  by  means  of  short  hand  lines  and  roughly 
made  trap  nets.    The  catch  is  usually  iieddled  about  the  cities,  being 
sold  at  the  rate  of  15  to  20  cents  per  dozen.    The  quantity  of  crabs 
taken  in  Galveston  Bay  is  about  five-sixths  Df  the  catch  of  the  entire 
State.    The  number  taken  in  the  waters  of  Texas  depends  entirely  on 
the  small  local  demand,  and  there  seems  to  be  no  limit  to  the  quantity 
that  might  be  obtained  if  they  could  be  marketed.    The  seine  fisher- 
men take  large  quantities,  but  do  not  save  them. 

The  following  table  shows  the  number  and  value  of  the  crabs  re- 
Porte<i  as  taken  at  the  various  fishing  localities  in  1890: 


Localities. 


Galveston  Bay 

Aransas  Bay 

Corpus  Chnsti  Bay 
Laguna  Madro 

Total 


Number. 

Value. 

325,000 

26,400 

23, 600 

6,600 

$1,'200 

440 

400 

55 

381,600 

5,005 

ALLIGATORS  AND   PORPOISES. 


^^ile  the  capture  of  alligators  is  not  a  matter  of  commercial  im- 
^^^iice  in  this  State,  yet  they  are  somewhat  plentiful  in  the  swamps 
a*ul  Tiy^j^  bottoms,  and  a  number  are  killed  every  year  by  sportsmen 
^^  others.  Several  years  ago,  when  their  hides  were  not  so  cheap  as 
^^  Present,  the  number  taken  was  much  greater  than  has  been  the  case 
^^^ug  the  past  three  or  four  years.  The  hunting  for  them  has  some- 
what reduced  their  abundance. 

J^orpoises  are  numerous  on  the  Texas  coast,  and  large  schools  of 

^^m  are  often  seen  in  the  bays  as  well  as  outside  along  the  coasts. 

*^ey  are  very  frequently  observed  playing  in  the  cutwater  of  vessels 

filing  in  the  Gulf  of  Mexico.    It  is  reported,  however,  that  they  have 

^^ver  yet  been  taken  for  commercial  j)urposes. 

H.  Mi's.  113 25 
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THE  OTSTER  INDUSTRT. 
EXTENT  AND  IMPORTANCE. 

For  many  years  oysters  havi>  been  taken  in  nearly  all  the  esto 
along  the  Texas  coast.  At  low  tide  the  wharf  posts  and  pilings, 
buoy  stakes,  and  the  reefs  left  bare  by  the  receding  water,  are  sec 
be  covered  with  small  oysters.  At  times,  i)articularly  in  the  spr 
when  heavy  freshets  occur  and  fill  the  bays  with  fresh  water,  mau 
the  oysters  are  destroyed ;  but  this  rarely  ha]1pens  to  all  the  reef 
any  one  bay  during  the  same  year,  and  Avithin  two  or  three  yeai*8 1 
are  usually  as  plentiful  as  before  the  occasion  of  such  a  disaster. 

Until  quite  recently  tlie  taking  of  oysters  was  carried  on  in  a  ^ 
iiTCgular  manner,  but  with  the  increase  in  transix>rtation  facDities 
the  influx  of  capital  along  the  coast  the  industry  is  rapidly  develoj 
into  respectable  projwrtions. 

In  1880  only  95,625  bushels  of  oysters  were  taken  from  all  the  I 
in  the  State.  In  1890  the  cateh  amounted  to  -440,800  bushels,  wl 
were  sold  by  the  fishermen  for  $127,990^  369  men  were  steiulily  eng« 
in  tonging,  and  over  100  more  in  transporting  and  marketing  the  ca 
189  sailboats  valued  at  $66,250, 1  steiimer  valued  at  $15,000.  and  o 
apparatus  to  the  value  of  $5,451,  were  constantly  used  in  this  indm 
A  number  of  general  freighting  boats  were  also  employed  in  trans] 
ing  the  catch  for  a  short  while  during  the  busy  season.  The  nui 
of  oystermen  reported  in  1880  was  200,  and  the  value  of  all  sailb 
skififs,  tongs,  ete.,  was  $17,750. 

The  oysters  found  on  the  Texas  coast  are  the  same  species  as  1 
occurring  along  the  shores  of  the  Middle  States^  diff'ering  only  ac 
oysters  of  one  bay  may  from  those  of  another  in  the  immediate  locj 
The  oysters  of  the  several  bays  of  Texas  differ  as  much  from  each  i 
as  from  those  on  the  Atlantic  coast.  In  general  the  shells,  whU< 
like  those  of  the  ''coon  oysters''  of  some  of  the  Southern  States 
rather  long  and  of  very  irregular  formation.  In  many  places  the  gr 
of  oysters  on  a  bed  is  several  feet  deep,  forming  ridges  rising  abov 
surrounding  grounds.  In  such  places,  as  well  as  on  the  muddy  bott 
they  have  a  tendency  to  grow  in  clusters,  often  large  enough  to 
bushel  basket;  this  results  in  great  irregularity  in  the  contour  o; 
shell.  On  account  of  this  and  the  rank  growth  of  the  shell,  causi 
the  abundance  of  lime  brought  down  by  the  rivers,  the  yield  of  " 
meats"  to  the  bushel  is  not  as  great  as  the  average  yield  of  the  i 
grade  of  oysters  on  the  Atlantic  coast.  A  "barrel"  of  Texas  oy 
''opens  out"  on  an  average  not  over  6  quarts,  while  in  the  Middle  S 
the  same  quantity  would  contain  from  8  to  10  quarts  of  meats, 
growth  of  the  oysters  is  quite  rapid,  it  requiring  only  about  550 
year  olds  "  to  fill  a  3-bushel  barrel.  In  the  Chesapeake  region  it  reqi 
liilly  750  oysters  of  that  ago  to  equal  this  measurement.  Some  of 
Texas  oysters  are  so  large  that  less  than  100  fill  a  S-bushel  barrel ;  t 
are  found  chiefly  in  the  muddy  seQtious  of  Matagorda  andMesquit  I 
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Tlie  quality  of  Texas  oysters  compares  favorably  with  that  of  those 
found  on  the  Atlantic  coast.  They  are  quite  similar  to  the  '*  West^Tn 
Shores  "of  the  -Chesapeake  Bay,  or  those  obtained  from  the  "Kettle 
Bottoms^'  in  the  Potomac  Eiver.  In  the  spring,  on  account  of  the  large 
quantities  of  fresh  water  that  fill  the  bays,  the  oysters  are  frequently 
rather  fresh,  but  they  are  nearly  always  fat.  Except  from  November  to 
Mtvch,  the  oysters  in  Texas  spawn  to  a  limited  extent  at  all  periods  in 
the  year,  but  more  particularly  during  the  first  half  of  May. 

These  oysters  are  quite  free  from  a  number  of  enemies  and  a<lverse 
agencies  common  on  the  middle  Atlantic  coast.  Starfish  are  not  known 
in  Texas,  drills  are  not  abundant,  and  an  excellent  set  of  oysters  is 
secured  nearly  every  year.  But  the  Texas  oyster  industry  has  its  own 
troubles,  the  greatest  being  the  destruction  caused  by  heavy  freshets 
in  the  spring.  All  the  rivers  and  estuaries  of  Texas,  except  the  Rio 
Grande  and  Brazos,  empty  their  waters  into  the  bays  along  the  coast, 
aud  every  spring  more  or  less  damage  is  done  to  the  oysters  by  the  fresh 
water  with  which  some  of  the  bays  are  filled  for  several  days  if  the 
wind  be  favorable  for  such  a  condition.  Happily,  however,  it  raivly 
occurs  that  the  oysters  on  all  the  beds  in  any  one  bay  are  destroyed  in 
this  manner. 

Another  trouble  which  exists  here  to  a  considerable  extent  is  the 
damage  done  by  the  drumfish.  These  are  very  numerous  in  all  the 
hays  along  this  coast,  and  they  do  much  injury,  especially  where  oys- 
ters have  been  taken  from  the  reefs  and  bedded  to  await  a  more  favor- 
able market.  Occasionally  an  oysterman  builds  a  picket  fence  around 
his  bedded  oysters  to  prevent  damage  from  this  source,  but  this  pfjic- 
tice  is  not  general. 

OYSTEB  BEDS,  LOCATION,  ABEA,  ETC. 

In  all  the  bays  and  at  the  mouths  of  the  rivers  along  the  coast  where 
the  water  is  of  suitable  density  more  or  less  area  of  oyster  reefs  may 
^  found.  On  account  of  the  earlier  settlement  and  the  larger  poj^ula- 
tion  in  that  vicinity,  the  reefs  in  Galveston  Bay  have  been  longer  known 
and  more  extensively  fished  on  than  those  of  any  other  section.  Mata- 
goi-da  Bay  undoubtedly  has  at  i)resent  the  finest  supply  of  oysters  on 
tlie  Texas  coast,  although  the  area  of  natural  beds  in  that  bay  known 
^^  the  fishermen  is  not  so  great,  as  in  Galveston  Bay ;  but  owing  to 
I'oor  shipping  facilities,  the  Matagorda  grounds  are  not  so-extensively 
^shed  on  as  those  in  other  bays.  Corpus  Christi  has  recently  acquired 
^^•siderable  prominence,  and  a  greater  development  of  the  oyster  re- 
^urces  of  that  locality  is  probable.  The  inland  water  route  connecting 
^be  chain  of  bays  from  Matagorda  to  Corpus  Christi  will  naturally  unite 
the  oyster  business  of  the  towns  on  the  shores,  enabling  each  market  at 
^U  times  to  obtain  a  supply  from  any  one  of  these  bays. 

The  bottoms  of  the  Texas  bays  may  be  classified  generally  as  shift- 
Uig  sand,  muddy,  grassy,   and  hard.     The  shifting  sand  offers  no 
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8api)ort  whatever  to  the  oysters,  and  iMjriDits  theni  to  sink  a 
covered ;  hence  none  are  found  on  bottoms  of  this  nature.  The  i 
ground  is  much  better  for  their  growth,  and  wherever  oyste 
gain  "  a  footing  "  on  such  bottoms  they  will  live  and  thrive,  pn 
the  density  of  the  water  be  favorable.  An  excellent  example  of 
found  in  the  extreme  eastern  arm  of  Matagorda  Bay  and  in  somt 
of  Mesquit  Bay.  However,  these  grounds  are  subject  to  an 
sional  deposit  of  mud,  which  may  cover  up  and  destroy  the  o 
But  where  they  are  able  to  live,  it  will  be  found  all  along  th< 
that  oysters  on  muddy  bottoms  attain  a  much  larger  and  mor< 
growth  than  those  resting  on  other  grounds,  and  the  flavor  is  gei 
'  considered  equally  fine.  But  few  oysters  will  be  found  on  sea  b- 
abundantly  covered  with  vegetable  life,  because  the  gi*ass,  etc., 
up  and  smothers  them  even  more  eftectually  than  the  mud. 
grounds  form  the  natural  resting-places  for  oysters,  and  wherei 
water  is  suitable  and  the  sea  bottom  is  of  this  nature  a  generous 
of  these  moUusks  will  almost  certainly  be  found. 

After  inspecting  a  large  part  of  the  oyster  reefs  and  making  < 
inquiry  of  the  best-informed  fishermen,  I  estimate  the  area  of  1 
bottom  in  this  State  that  has  i)roduced  oysters  during  the  last  tei 
as  follows: 


Localities. 


Sabine  Lake 

Gal vetiton  Bay 

Matagorda  Bay  — 
Espintn  Saut<i  Ba.v 
San  Aiitonio  Bay  . 

Mo8quitBay 

AransaH  Bav 

CoriJUB  ChriHti  Jia.y 
Lagi^na  Madre. . . . . 


Area  of 

Total  area. 

oyster- 

grouiMls. 

Sq.  inUeg. 

Sfj.  milea. 

94 

1 

505 

50 

440 

45 

61 

6 

129 

1 

23 

3 

163 

15 

185 

13 

811 

3 

2,471 

137 

It  is  believed  that  this  area  of  87,680  a('.res  represents  as  neai 
extent  of  ground  in  Texas  on  which  oysters  have  been  found  as 
obtained  without  an  actual  survey  of  all  the  reefs  in  the  State. 

It  is  interesting  to  note  in  this  connection  that  an  official  re 
the  State  of  Maryland,  the  greatest  oyster-producing  region 
world,  estimates  the  area  of  the  natural  oyster-grounds  of  that 
excepting  those  of  the  Potomac  Eiver,  to  be  about  123,520  acres 
area  of  the  natural  oyster  beds  of  Connecticut  has  by  actual  i 
been  determined  to  be  19,911  acres.  The  U.  S.  Fish  Gommissio 
veys  made  in  1891  show  773  acres  now  producing  oysters  in 
Carolina.  In  1888  the  U.  S.  Coast  and  Geodetic  Survey  detei 
the  area  of  natural  oyster  beds  in  Korth  Carolina  to  be  8,237.9 
and  in  Georgia  in  1890  to  be  1,750.8  acres. 
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f  the  well-kuowii  natural  oyster  reefs  in  Texas  liave  not  been 
for  several  years,  and  some  have  never  been  extensively  re- 
because  other  gi*ounds  are  more  conveniently  situated  from 
3  oystermen  have  been  able  to  obtain  a  supply  j  and  it  is 
3bable  that  there  are  large  areas  of  oyster  reefs  within  the 
^  this  coast  of  which  the  fishermen  have  no  knowledge.  No 
r  them  has  been  made;  the  finding  of  the  beds  is  in  most 
caused  by  the  centerboard  of  a  bojit  grating  on  the  oysters 
boat  is  sailing  over  the  bed.  The  average  length  of  the  shafts 
le  tongs  is  only  10  feet,  and  the  fishermen  do  not  ordinarily 
!>  obtain  oysters  at  a  greater  depth  than  8  feet;  consequently 
T  little  of  the  animal  life  on  deeper  grounds. 

VESSELS,  APPARATUS,  METHODS,  ETC. 

use  of  a  local  expression,  when  "grubbing  oysters,^'  or  in 
is  when  fishing  for  oysters,  the  outfit  usually  employed  con- 
e  sailboat,  one  or  two  skifis,  a  pair  of  tongs  for  each  fisherman, 
.skets,  one  or  two  small  hammers  for  separating  the  clusters 
i  or  culling,  and  the  necessary  outfit  for  cooking  and  living  on 
the  sailboats.  The  sailboats  and  skiffs  employed  do  not 
1  those  in  general  use  along  the  coast;  only  four  of  them  meas- 
•  tons,  the  total  measurement  of  these  four  being  40.01  tons, 
ters  are  taken  either  by  means  of  tongs  or  are  picked  up  by 

such  reefs  as  are  exposed  at  low  tide.  During  the  season  of 
le  schooner,  the  C,  Highlandy  used  dredges  experimentally  for 
sters  at  Corpus  Christi.  Dredges  have  not  l)een  employed 
er  bays  along  the  coast  on  account  of  the  un  evenness  of  the 
alack  of  knowledge  of  the  methods  of  handling  these  imple- 

il  11,  1891,  a  law  was  enacted  prohibiting  the  use  of  any  form 
dredge  in  the  waters  of  this  State.  It  is  possible  that  the 
this  enactment  may  be  injurious  rather  than  beneficial, 
could  undoubtedly  be  used  with  excellent  results  in  many 
it  only  where  the  water  is  so  deep  that  tongs  are  not  avail- 
ilso  where  the  oysters  grow  in  ridges,  which  by  action  of  the 
B  torn  down  and  spread  over  a  greater  surface,  thus  furnish- 
:er  area  for  growth.  An  excellent  example  of  this  is  found 
optank  River,  on  the  eastern  shore  of  Maryland.  In  this 
\T  to  1874,  oysters  were  taken  only  by  means  of  tongs.  Since 
the  use  of  small  dredges  in  a  large  portion  of  that  river  has 
litted.  By  their  action  the  reefs  have  been  spread  so  as  to  cover 
T  part  of  the  river  bottom,  and  the  catch  of  oysters  has  been 
es  multiplied.  If  the  taking  of  small  oysters  be  properly 
,  the  only  manner  in  which  dredges  destroy  a  reef  is  by  ro- 
I  many  oysters  that  the  reef  is  made  lower  than  the  surround- 
kUd  is  covered  thereby.  But  this  "  sinking  "  of  a  reef  may  be 
o  by"  the  use  of  tongs;  and  for  every  oyster  reef  on t\iCy  MX^wXar. 
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t 


!i 


dull  season  and  bedded  in  some  suitable  place  to  await  a  better  m 
the  right  of  the  owner  to  these  being  usually  respected  by  his  neig 

Prior  to  1879  no  restrictions  were  placed  on  this,  industry,  I 
March  8  of  that  year  a  law  was  enacted  prohibiting  the  tjik 
oysters  "from  the  Ist  of  May  to  the  1st  of  September  in  any  year 
April  2, 1887,  the  '^  close  time  "  was  made  "  from  the  1st  of  May 
25th  of  August."  On  April  11, 1891,  this  act  was  repealed  ai 
prohibited  time  reestablished  as  it  was  prior  to  1887,  "  from  the  1 
of  May  to  the  1st  day  of  September."  Since  1887  there  has  been 
forbidding  the  taking  of  oysters  in  this  State  "  less  than  1 J  iuc 
length  net,"  but  this  law  is  not  generally  observed. 

No  license  is  required  and  the  State  receives  no  direct  revenii 
this  industry,  and  is  at  no  especial  expense  to  support  or  prote< 

There  are  from  two  to  four  oystermen  on  each  sailboat.    The 
bers  of  a  crew  Ash  on  shares,  and  the  boat  and  apparatus  count 
man  both  in  estimating  expenses  and  profits.    The  captain  do 
receive  a  greater  share  of  the  profits  than  any  member  of  his 
The  average  annual  income  of  the  oystermen  of  this  coast  is  aboul 

Table  showing  the  apparatus  employed  in  the  oyster  industry  i'm  1800. 


Local  itioa. 


Galveflton  Bay 

Matagorda.  Bay 

ArafiHoa  liay 

Corpus  ChrlHti  Bay. 
Lagnna  Madre 


Sailboats. 

No. 

Value. 
$42,900 

127 

H5     12,400 

11 

4,400 

13 

0,100 

3 

450 

iun 

an  OKn 

Skiffn. 


No.  1  Value. 


210 

45 

17 

13 

3 

OQQ 


$2, 140 

380 

170 

130 

25 


TongB. 

1 

No.  '•  Value. 

V 

1 
240  '  $1,600 

$4< 

84 

546 

i: 

29 

175 

4 

40 

200 

( 

4            25 

OIVT 

o  aim 

T 
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THE  CULTIVATION  OP  OYSTEES. 

With  the  present  abandance  and  the  low  prices  of  oysters  in  Texas, 
the  necessity  and  facilities  for  their  cultivation  are  not  fully  appreci- 
ated. On  account  of  the  regularity  with  which  a  "  set"  is  obtained 
on  the  natural  beds  every  year,  there  is  not  that  urgent  necessity  for 
a  system  of  private  oyster-culture  that  exists  in  some  of  the  Middle 
States.  However,  the  policy  of  increasing  the  supply  of  oysters  by 
permitting  and  encouraging  the  private  ownership  of  suitable  grounds 
for  their  growth  is  very  properly  being  considered.  Not  only  the  mem- 
bers of  the  State  legislature  but  the  oystermen  have  advanced  ideas 
on  this  subject. 

The  first  oyster  law  operative  in  this  State  was  enacted  on  March  8, 
1879,  with  the  following  title:  "An  act  for  the  preservation  of  oysters 
and  oyster  beds,  and  for  protecting  the  rights  of  persons  to  the  same, 
and  affixing  penalties."    This  bill  provided  for  public  and  private 
grounds.    All  natural  oyster  beds  in  navigable  waters  were  made  pub- 
he   All  grounds,  whether  with  or  without  oysters,  in  waters  not  navi- 
gable were  made  the  exclusive  property  of  the  owners  of  the  adjoining 
shores;  and  riparian  owners  were  given  control  of  all  within  100  yards 
of  low-water  mark.    Of  the  remaining  grounds  every  x)erson  was  given 
the  right  to  preempt  without  revenue  to  the  State  an  area  not  exceed- 
ing 200  yards  square  (8J  acres),  and  no  provision  was  made  for  return 
of  the  ground  to  the  State.    The  taking  of  oysters  from  such  preempted 
Sounds  or  other  private  areas  without  permission  of  the  owner  was 
JDade  a  theft,  punishable  in  accordance  with  the  prevailing  law  for 
8nch  crimes. 

^o  persons  acquainted  with  the  jealousy  with  which  the  States  bor- 
dering the  Atlantic  coast  preserve  their  waters  suitable  for  oyster- 
^ture  this  may  seem  a  very  generous  policy;  but  it  is  on  a  par  with 
^^»^  same  liberal  spirit  which  this  State  has  maintained  for  the  ^ettle- 
^ent  of  her  idle  agricultural  lands,  which  has  resulted  in  such  great 
P^tvsperity.  While  one  or  two  provisions  of  this  law  do  not  seem  to  be 
the  best  possible,  the  substance  of  the  enactment  is  excellent;  and  had 
^^  continued  operative,  with  an  additional  provision  for  systematic  sur- 
^^ys  and  the  return  of  the  preempted  ground  to  the  State  if  not  used 
^fter  a  certain  term  of  years  for  the  purposes  proposed  in  the  act,  it 
^ouid  have  provided  for  a  steady  and  satisfactory  growth  of  oyster 
^^iltivation.  But  as  the  natural  beds  continued  to  produce  an  abundant 
^^l>ply  of  oysters,  few  persons  took  advantage  of  the  liberal  provisions 
^^  this  enactment,  although  it  continue^  operative  until  1887. 

In  the  meantime  much  information  was  made  public  concerning  what 
**^d  been  accomplished  in  oyster-culture  in  some  of  the  Atlantic  coast 
^^tes,  particularly  in  New  York,  Connecticut,  and  Rhode  Island;  and 
^**^se  reports,  together  with  local  factors,  were  influential  in  pcrsuad- 
^*^§  the  legislature  in  1887  to  pass  another  oyster  bill,  the  provisions  of 
^liich  required  the  preemptor  to  be  an  "  ac*iual  bona-Me  cvtmncO'^  v>l  \\i^ 
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State,  aud  permitted  him  to  take  for  bis  own  use  an  area  not  exceed! 
538  yards  sqaare  (nearly  60  acres)  and  to  bold  the  same  for  a  peri 
of  twelve  years.  It  also  provided  that  no  preemption  should  be  ^ 
mitted  "nearer  than  the  extreme  low-w^ater  mark  in  front  of  the  she 
or  water-front  of  another"  without  the  consent  of  the  owner  of  su 
water-front.  Within  a  short  time  after  the  passage  of  this  bill  mai 
acres  of  oyster-grounds  were  preempted,  and  within  four  years  papc 
had  been  filed  for  about  30,000  acres  of  ground  situated  in  Galvestc 
Matagorda,  Espiritu  Santo,  Aransas,  and  Corpus  Christi  bays. 

No  mention  was  made  in.  the  act  of  1887  as  to  whether  the  preempt 
area  may  not  be  natural  oyster-ground;  neither  did  this  enactmc 
expressly  repeal  the  act  of  1879,  though  it  seems  to  embrace  much 
the  subject-matter  of  that  act.  Hence  the  doubt  existed  as  to  whetl 
this  last  enactment  permitted  the  preemption  of  natural  oyster  h& 
Many  persons  thinking  that  it  did  permit  such  preemption  spent  tii 
and  money  in  obtaining  bottoms  of  that  description,  as  well  as  unp 
ductive  ground;  these  were  chiefly  persons  interested  in  the  marketi 
of  oysters.  Another  class  of  men,  mainly  oystermen,  while  contendi 
that  the  provisions  of  the  act  of  1879  prohibiting  the  preemption 
natural  oyster-grounds  was  still  operative,  yet  fearing  that  the  coa 
might  decide  contrary  to  their  ideas,  took  up  such  areas  for  their  o^ 
protection.  A  third  class  contented  themselves  with  taking  up  groun 
on  which  oysters  do  not  ordinarily  grow,  these  being  obtained  partly  j 
planting  oysters,  partly  for  speculative  purposes,  and  some  (particular 
where  the  preemptor  owned  the  adjoining  water-front)  merely  to  ke 
out  other  persons. 

This  very  unsatisfactory  order  of  things  existed  when  the  State  Ic 
islature  met  in  the  spring  of  1891,  and  an  attempt  was  made  at  tli 
session  to  enact  a  satisfactory  law,  and  the  "  oyster  question"  becat 
of  some  prominence  in  Texas.  This  resulted  in  the  enactment  of  t 
law  at  present  in  force,  which  provides  for  the  preservation  to  tl 
public  of  all  the  natural  reefs  and  permits  the  preemption  by  each  bon 
fide  citizen  for  fifteen  years  of  an  area  not  exceeding  638  yards  squa: 
(59.8  acres),  not  productive  of  oysters  at  the,  time  of  preemption;  tl 
notice  of  preemption  to  be  filed  for  record  with  the  clerk  of  the  coun1 
in  which  the  grounds  ntay  be  situated,  and  its  location  to  be  designate 
among  other  things  by  "fonr  buoys  anchored  or  four  stakes  firmly  ai 
permanently  planted,  one  at  each  corner  of  such  location.  •  ♦ 
Sfiid  stakes  shall  projecjt  at  least  4  feet  above  ofdinjiry  tides,  and  sha 
be  not  less  than  G  inches  in  diameter  if  of  wood  or  3  inches  in  diameti 
if  of  iron."* 

No  ground  has  yet  been  obtained  under  this  law;  all  the  areas  no 
held  by  individuals  or  corporations  having  been  preempted  under  t\ 

*It  seems  that  this  would  materially  interfere  with  navigsition  and  serioi 
objections  would  be  made  to  permitting  stakes  6  inches  square  to  be  ''  firmly  ai 
permaueutly  planted''  in  navigable  waters. 
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TiDsatisfactory  enactment  of  1887.    The  natural  oyster  beds  preempted 
are  fished  on  by  the  public  without  molestation ;  and  of  the  remain- 
ii^g  portion  of  the  ground  but  a  small  area  has  ever  been  cultivated. 
The  most  elaborate  attempts  at  cultivation  have  been  made  in  Gal- 
veston Bay.    In  1889  and  1890  one  oyster  company  secured  several 
tlionsand  acres  of  sea-bottom  located  partly  in  Galveston  Bay  and 
partly  in  Matagorda  Bay.    During  the  last  week  of  April  in  1890  about 
6,000  bushels  of  oyster  shells  were  planted  for  the  purpose  of  obtaining 
a  "  set ''  on  a  part  of  the  grounds  in  Galveston  Bay.    This  is  reported 
^  being  the  first  attempt  of  the  kind  made  on  the  Texas  coast.    On 
H^ay  10,  of  the  same  year,  the  shells  were  examined  and  found  to  have 
caught  an  abundant  quantity  of. "spat.''    On  August  2  following  the 
young  oysters  were  reported  to  be  one  inch  and  over  in  length.    At  the 
time  of  my  visit,  in  January  of  1891,  it  was  found  that  they  had  lived 
well  and  would  then  "  run  "  about  1,500  to  the  barrel. 

In  the  winter  of  1890-91  about  20,000  bushels  of  oyster  shells  were 
planted,  but  with  what  success  is  not  yet  learned.  The  private 
grounds  in  Galveston  Bay  are  also  used  for  planting  the  small  or 
"culP'  oysters  obtained  from  the  natural  beds,  about  45,000  bushels 
having  been  planted  there  in  1890.  That  was  the  first  year  in  which 
this  was  done  on  so  extensive  a  scale. 

On  the  whole  the  cultivation  of  oysters  in  Texas  waters  gives  every 
assurance  of  success.  Wliile  the  area  of  natural  oyster  beds  is  com- 
PftiJ^i^tively  large,  yet  these  reefs  do  not  seem  to  i)os8ess  as  much  re- 
cu|>erative  iwwer  as  the  majority  of  beds  on  the  coast  of  the  Middle 
-Atlantic  States,  and  will  more  readily  suffer  from  extensive  fishing. 
•■^^  destructive  spring  freshets  will  also  probably  hasten  the  cultiva- 
^OMx  of  oysters,  by  causing  the  fishermen  to  remove  the  young  oysters 
"^ui  exposed  places  and  to  plant  them  in  sheltered  localities. 

MARKETINQ  OF  FISHERT  PRODUCTS. 

^t  nearly  all  the  fishing  ports  in  Texas  a  number  of  men  give  their 
*^^tition  to  thewholesalemarketingof  the  products  taken  by  thefisher- 
^^u.  These  men  have  market  houses  (ranging  in  value  from  $500  to 
|:  *^,O00)  located  on  the  shores  of  the  bays,  from  which  piers  100  to  400 
^t  in  length  usually  run  out  into  the  water.  The  products  handled 
J^  these  markets  consist  almost  entirely  of  oysters  and  the  catch  made 

^  the  bay-seine  fishermen,  with  at  times  afew  flounders,  catfish,  turtle, 

.  *^4  terrapins.    The  products  of  the  other  fisheries  mostly  find  their  way 

^to  local  consumption  without  going  through  the  wholesale  markets. 

^sich  marketman  usually  has  a  verbal  agreement  with  a  number  of 

**hernien  for  the  purchase  of  their  catch  at  a  price  fixed  for  the  season. 

^  endeavors  to  so  arrange  the  fleet  that  a  certain  number  of  boats 
^^y  land  their  catch  on  each  shipping  aay.  When  the  fish  are  ac- 
^Ptedby  the  dealer,  the  fishermen  transfer  them  from  the  "live  cars" 
^  the  market- houses.    While  doing  so  the  "poor  fish,"  that  may  have 
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been  put  in  the  cars  while  the  seiue  was  being  emptied,  are  thro 
away,  and  the  "bulls"  are  placed  to  one  side.    The  remaining  lish  a^ 
then  weighed  and  turned  over  to  the  marketman  at  prices  varyi 
from  3  to  5  cents  per  pound,  according  to  the  locality  and  the  6eas(^* 
For  the  "  bulls "  the  marketmen  generally  give  from  20  to  35  ce: 
each,  without  regard  to  the  weight. 

All  the  fish  are  sent  from  the  market-houses  while  fresh.    In  prep 
ing  for  shipment,  they  are  either  dressed  or  left  "round,"  to  suit  t 
demands  of  the  customer.    They  are  packed  in  boxes  and  barrels,  a 
usually  with  two  layers  offish  and  one  layer  of  ice  alternating,  the  fi 
being  placed  backs  to  backs  and  bellies  to  the  ice.    The  prices  receiv 
by  the  marketmen  for  the  fish  range  from  5^  to  8  cents  per  pouiB. 
round  weight.    They  are  shipped  mostly  by  express,  and  are 
throughout  Texas,  Mexico,  New  Mexico,  Colorado,  Knusas,  etc. 

Nearly  all  the  marketing  is  done  on  a  c.  o.  D.  basis,  but  few  op 
accounts  being  kept.    For  expressage  the  transportation  company 
charge  a  fixed  rate  on  the  net  weight  of  the  fish,  and  add  25  per  ce=^ 
to  that  amount  for  the  weight  of  the  box  and  ice.    They  also  re-ic«  t 
fish  en  route,  when  necessary,  without  extra  charge. 

Oysters  are  marketed  in  much  the  same  manner  and  by  the  sa 
houses  that  handle  the  fish  taken  by  the  bay  seines.    They  are  sold 
the  fishermen  direct  to  the  wholesale  dealers.    The  price  received 
the  oysters  varies,  according  to  the  locality,  from  50  cents  to  $1.25 
barrel,  which  is  the  unit  of  measure.    There  is  no  very  .active  compe 
tion  in  the  business,  and  but  little  variation  exists  in  prices  through 
out  the  season.    Those  sold  at  50  cents  per  barrel  are  not  close=^ 
culled.    At  Galveston,  Corpus  Christi,  and  Point  Isabel  the  high 
prices  rule,  while  the  lowest  prices  prevail  in  Matagorda  Bay.     On  t 
reefs  in  the  last-named  bay  as  fine  culled  oysters  as  were  to  be  fou 
on  the  Gulf  coast  were  sold  in  the  season  of  1890-91  at  60  cents  i 
barrel;  90  cents  is  about  the  average  price  received  by  the  fisherm 
throughout  the  State.    In  1890-91  this  average  price  was  somewhj 
less  on  account  of  a  large  quantity  of  small  and  unculled  oysters  bein 
sold  for  i)lanting  on  the  preempted  grounds  around  Galveston. 

On  account  of  the  cost  of  transportation  but  few  oysters  are  shipper '^ 
from  the  coast  in  the  shell,  and  prior  to  1891  nothing  had  been  done  i 
the  way  of  canning  steamed  oysters.    The  shucking  is  done  by  me 
and  boys,  who  receive  25  cents  p^r  gallon,  or  in  some  places  $1.25  per  - 
1,000,  and  at  other  marketing  centers  they  are  paid  for  the  time  era 
ployed.        Some  of  the  shuckers  come  every  season  from  the  Atlanti 
coast  to  engage  in  this  work.    The  shucked  oysters  are  shipped  in  pailf 
holding  from  1  to  10  gallons,  and  in  hermetically  sealed  tin  cans  con 
tiiining  from  25  to  200  in  number.    They  .are  sent  to  all  parts  of  th 
country  west  of  the  Mississippi  River,  Kansas,  Coh)rado,  and  Texa< 
receiving  the  larger  part.    The  trade  is  rapidly  increasing,  and  th 
Texas  oysters  are  successfully  comi)cting  in  those  States  with  the  pro 
ihmt  from  the  Atlantic  coast. 
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Tbe  following  table  exhibits  the  number  of  men  and  the  amount  of 
capital  employed  in  the  wholesale  marketing  houses  in  1890 : 


Galveston 

Port  LavacA. .. 
AinnsaM  Vaaa  . 
CorpiiA  Chri»ti . 
Point  Ittabel  . . . 


Total 


No.  of  !  Men  oiu- 


hoiiBes.' 

ployed. 

5 : 

85 

2  ; 

8 

2 

31 

2  ' 

2a 

M 

2 

Value  of      Cash 


houBes. 


$63,500 

1,000 

18.000 

17,600 

500 


capiUil. 


$30,000 

1,500 

5.000 

12,000 


12 


151  ,     100,500 


48,500 


"""lor  to  1891,  the  only  permanent  establishment  for  canning  or  other- 
wise preserving  fishery  products,  was  a  turtle  cannery  at  Fulton,  on 
^ne  Bbofe  of  Aransas  Bay.  About  1879,  a  factory  for  canning  shrimps 
^''^  erected  at  Galveston  Bay,  and  operated  for  one  or  two  years. 
**^Mle  the  beef-packeries  were  in  operation  at  Aransas  Bay  some  green 
'^'irtle  were  canned  there;  and  in  1880  a  small  factory  for  canning  fish 
^f^  erected  at  Eockport,  now  called  Aransas  Pass,  but  it  was  in  ope- 
'^tion  only  a  short  time.  In  the  spring  of  1891  factories  for  canning 
^^^sters  were  established  at  Galveston  and  Corpus  Ohristi. 

I^he  diflBculty  in  disposing  of  an  oversupply  of  fish,  even  at  a  reduce>d 

^*^<ie,  at  present  militates  against  the  successful  prosecution  of  the  fish- 

^^'i^^  of  this  coast.    As  yet,  no  one  in  the  State  makes  a  business  of 

^^it:ing  fish.    The  general  opinion  along  the  coast  is  that  on  account 

*    t;he  climate  it  is  impracticable  to  salt  the  fish  so  that  they  will  keep 

*^**  a  reasonable  lengtli  of  time.    But  for  many  years  trout,  redfish, 

^^^pshead,  mullet,  etc.,  have  been  successfully  preserved  in  this  man- 

^^  in  Florida;  indeed,  some  of  the  fishing  communities  of  that  State 

,  ^l>end  for  support  almost  entirely  on  the  sale  of  their  salt  fish;  and 

^*«ems  that  equal  care  would  insure  success  on  the  Texas  coast. 

I^hc  drying  of  fish  after  the  manner  i)racticed  in  the  Barataria  region 

X<ouisiana  might  be  resorted  to  with  some  success  along  portions  of 

*^*^  coast. 

^^Thile  some  of  the  fish  markets  have  ice  manufactories  connected 

^'^li  them,  by  means  of  which  the  fish  are  kept  for  a  few  days,  yet  pre- 

"ving  fish  in  cold  storage  for  many  weeks,  as  is  done  particularly 

iig  the  shores  of  the  Qreat  Lakes,  has  never  been  attempted  in 

as  nor  in  any  of  the  otlier  States  bordering  on  the  Gulf  of  Mexico. 

is  a  question  whether,  with  the  present  ruling  prices,  it  will  pay  to 

this  feature  to  the  marketing  of  the  more  plentiful  species  of  fish 

-nrring  here,  although  it  might  be  done  with  the  higher-priced  ones. 

-Ajiother  drawback  to  the  prosperity  of  the  fisheries  is  the  difficulty 

l^rienced  in  marketing  many  of  the  varieties  of  fish  taken,  which 

^^^seqnently  are  throAvn  away  as  soon  as  caught.    Among  these  miglit 

r^  mentioned  mullet,  drum,  and  other  good  edible  fish  which  are  taken 

^*  large  quantities,  but  against  which  local  prejudices  exist. 
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PROTECnON  AND  CULTIVATION  OF  FISH. 

As  in  the  other  States  bordering  the  Gulf  of  Mexico,  little  attenti 
has  been  given  to  the  cultivation  and  preservation  of  fish  in  Texas,  ai 
this  special  branch  of  legislation  seems  to  have  been  quite  ignored 
the  State  until  1879.  On  April  17  of  that  year  a  bill  was  enacted  " 
the  preservation  of  fish  and  to  build  fishways  and  fish-ladders."  T 
act  required  that  all  persons  who  six  months  after  its  passage  mig 
^  ei'ect  any  milldams  or  other  obstructions  in  the  waters  of  the  Sta 
should  construct  fish-ladders  and  keep  them  in  repair  so  that  at 
seasons  of  the  year  the  fish  might  ascend  above  such  obstructions 
deposit  their  spawn.  Further  provision  was  made  in  this  act  for  tl 
appointment  by  the  governor  of  a  fish  commissioner  to  serve  witho 
compensation,  who  should  see  that  all  individuals  and  corporatio 
constructed  and  kept  in  repair  such  suitable  fishways.  As  no  appr 
priation  went  with  this  enactment,  either  to  encourage  fish-culture 
to  compensate  the  commissioner,  little  benefit  could  be  exx>ected. 

During  the  next  session  of  the  legislature,  which  occurred  in  1 
another  enactment  was  made  providing  a  salary  for  the  commission 
and  appropriating  $5,000  annually  for  tbe  following  two  years,  to 
expended  in  the  cultivation  and  distribution  of  fish  in  the  rivers  ar 
ponds  of  the  State.  The  amount  appropriated  for  this  purpose  for  t 
two  years  following  the  session  of  the  legislature  in  1883  was  910,4 

By  act  of  March  20, 1885,  the  office  of  State  fish  commissioner  w 
abolished,  and  an  appropriation  was  made  during  the  same  session 
winding  up  the  affairs  of  his  office.    Since  that  time  the  Stsite  gove 
ment  has  made  no  special  efibrt  to  stock  the  waters  with  fish. 

Shortly  prior  to  and  during  the  few  years  following  the  enactment 
1881  numbers  of  young  shad,  salmon,  rainbow  trout,  carp,  etc.,  w 
planted,  chiefly  for  experimental  purposes,  in  Texas  waters  by  t 
U.  S.  Fish  Commission.  The  shad  were  placed  mostly  in  the  Sabine,  C 
orado,  Brazos,  San  Antonio,  and  Trinity  rivers.  But  few  instances  ha 
been  reported  of  the  return  of  any  of  the  shad  here  planted.  The  fi 
California  salmon  deposited  seem  to  have  entirely  disappeared.  T 
rainbow  trout  are  reported  as  having  done  well.  The  carp-planting  h 
been  a  complete  success;  the  rivers,  being  mainly  sluggish  and  mudd 
seem  to  be  fully  adapted  to  this  fish. 

In  the  spring  of  1890,  745  lobsters,  from  7  to  10  inches  long,  were  se 
to  Galveston  by  the  U.  S.  Fish  Commission  to  be  planted  in  the  G 
near  that  city;  while  it  is  reported  that  two  or  three  Of  these  have  sin 
JL)een  obtained,  the  ex])eriment  can  not  be  considered  a  success. 

The  stocking  of  the  streams  in  Texas  with  fish  is  a  subject  of  mu 
importance,  of  which  fact  the  General  Government  has  recently  sho 
its  appreciation  by  providing  for  the  establishment  of  a  hatchery  in  t 
interior  of  the  State.  With  much  of  her  territory  far  removed  fro 
salt  water,  and  with  a  length  of  river  course  probably  greater  th 
that  of  any  other  State  in  the  Union,  sui^erior  inducements  are  offer 
for  tbe  cnitivation  of  fresli- water  fxah. 
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QEOaRAPEQCAL  BBVIBW  OF  THE  FISHERIES. 
GENEBAL  DESCRIPTION  OF  THE  COAST. 

The  length  of  the  Texas  coast  line,  following  its  sinuosities,  is  about 

000  miles,  but  in  a  direct  line  it  is  a  trifle  less  than  400  miles.  The 
^inland  is  for  the  most  part  bordered  by  a  chain  of  low  sandy  islands 
id  peninsulas,  each  having  the  same  general  trend  as  the  coast,  the 
DSt  important  of  which  are:  Bolivar  Peninsula,  Galveston  Island, 
atagorda  Peninsula,  Matagorda  Islands,  St.  Joseph  Island,  Mustang 
laud,  and  Padre  Island.  On  nearly  all  of  these  there  are  a  few 
attering  houses,  the  homes  of  men  employed  in  fishing,  cattle- raising 
e  Life-Saving  Service,  etc.  There  are  no  important  settlements,  how- 
ler, on  any  of  them  except  Galveston  Island,  on  which  the  city  of 
alveston  is  located. 

Between  the  mainland  and  the  outlying  chain  of  islands  and  penin- 
lias  are  situated  a  number  of  bays,  viz,  Galveston,  Matagorda,  Es- 
ritn  Santo,  San  Antonio,  Mesquit,  Aransas,  Corpus  Ghristi,  and 
igiina  Madrcf  also  Sabine  Lake,  in  the  extreme  eastern  part  of  the 
ate^  this,  however,  is  an  extension  of  the  Sabine  Biver,  rather  thnn 
3ay.  The  combined  area  of  these  bays  with  their  estuaries  is  2,471 
lare  miles.  In  nearly  every  instance  the  outlets  of  the  bays  are  sit- 
ted  at  the  extreme  southwest  end. 
^rom  Matagorda  Bay  through  Espiritu  Santo,  San  Antonio,  Mesquit, 

1  Aransas  Bays  to  Corpus  Christi  Bay,  a  distance  of  130  miles,  there 
ui  inside  route  permitting  the  passage  of  vessels  drawing  3  feet  of 
ter  and  connecting  advantageously  the  industries  of  these  six  bays. 
B  remaining  bays,  Galveston  Bay,  Laguna  Madre,  and  Sabine  Lake 
^  isolated  and  without  inland  water  routes. 

SABINE  LAKE. 

the  easternmost  fishing  locality  in  Texas  is  Sabine  Lake,  which 
'^8  a  part  of  the  boundary  line  between  this  State  and  Louisiana. 
^is  lake  is  merely  an  expansion  of  the  Sabine  Biver  just  before  its 
tirance  into  the  Gulf  of  Mexico.  Its  southernmost^  end  is  about  4 
les  from  the  Gulf,  with  which  it  is  connected  by  a  channel  known  as 
^ine  Pass.  The  length  of  the  lake  is  19  miles,  its  greatest  width 
^at  9  miles,  and  the  area  is  94  square  miles. 

Sabine  Biver  is  about  400  miles  long  and  forms  about  200  miles  of 
^  boundary  line  between  Louisiana  and  Texas.  Three  miles  below 
^  mouth  of  the  Sabine  Biver  the  Neches  empties  into  Sabine  Lake, 
le  length  of  this  river  is  about  270  miles.  Both  of  these  rivers  drain 
^  arge  area  of  territory.  Hence  the  water  of  Sabine  Lake  is  compara- 
^ely  sweet,  especially  during  the  spring  freshets. 
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Little  attoution  is  given  to  fi8biugy  not  more  than  a  sufficient  suyp^y 
for  local  consumption  being  taken.    Seines,  cast  nets,  trot  lines,  a^*^ 
band  lines  are  used  to  a  limited  extent.    Fourteen  men  depend  ou  tlift 
fisheries  for  a  living,  and  twenty  others  engage  in  them  at  times.    1^® 
catch  of  fish  in  1890  amounted  to  71,700  i)ounds,  for  which  the  fisherO^^^^ 
received  $4,038. 

On  Taylor  Bayou  and  at  Keath  Lake  Gully  are  located  two  compai  t^<* 
of  seine  fishermen,  each  company  using  one  small  saUboat  of  about  3 
tons.    During  the  winter  the  catch  consists  mostly  of  catfish,  buflHa^^ 
or  suckers,  and  fresh-water  drum.    In  the  summer,  when  the  water  la 
the  lake  is  not  so  fresh,  the  most  abundant  species  taken  are  redfi^^i 
trout,  and  sheepshead.    The  bay-seine  fishermen  are  reported  as  takii^g 
in  their  seines  about  100  dozen  terrapins  annually. 

In  the  winter  and  during  the  spring  freshets  half  a  dozen  men  liv^i^  £ 
at  the  head  of  the  lake  fish  for  catfish  with  trot  lines.    From  15fP     '•^ 
500  hooks  (about  4  feet  apart)  are  attached  to  each  line.    The  lengtb  ^' 
the  snoods  is  about  18  inches  and  the  cost  of  such  lines  ranges  frona.  ^^ 
to  $10.    About  12,000  pounds  of  fish  are  annually  taken  in  this  mancB  ^^^' 
The  average  weight  of  the  catfish  is  about  20  pounds,  while  so^^^**® 
attain  a  weight  of  75  pounds.    The  number  of  trot  lines  in  use  at 
ent  is  not  so  great  as  it  was  seven  or  eight  years  ago,  but  there  yr 
no  seines  used  here  at  that  time. 

A  few  cast  nets  and  hand  lines  are  at  times  used  by  men  living 
the  shores  of  Sabine  Lake,  the  catch  being  only  sufficient  forborne 
sumption.    The  quantity  taken  annually  by  means  of  hand  lines  is  ab 
10,000  pounds;  the  catch  by  cast  nets  is  much  less,  amounting  prob&> 
to  about  3,000  pounds. 

On  account  of  the  slight  density  of  the  water  no  oysters  are  fo 
here,  except  occasionally  in  the  lower  end  of  the  lake.    In  1887  8<^ 
were  found  which  were  almost  large  enough  for  market,  but  they  vr 
destroyed  by  the  freshets  in  the  spring  of  1888.    The  reefs  on  wli 
these  oysters  appear  are  at  the  extreme  southern  end  of  the  lake 
directly  in  the  "pass."    They  cover  an  area  of  from  2  to  3  miles  1 
and  about  three-quarters  of  a  mile  wide,  the  length  running  north 
south. 

GALVESTON  BAY. 

Leaving  Sabine  Lake  and  going  southwestwardly  along  the  co 
there  are  no  fishing  localities  until  Galveston  Bay  is  reached,  a  dista 
of  abont  CO  miles.  Between  Sabine  Lake  and  Galveston  Bay  the  co 
is  entirely  without  harbors,  and  is  uninhabited  except  by  ranchmeiw 

Galveston  Bay  is  the  second  largest  in  area  and  commercijilly 
most  importantof  the  bays  on  the  Texas  coast.    Itliesbetweentheni 
land  and  Galveston  Island  and  Bolivar  Peninsula.    East  Bay,  Trii 
Bay,  and  West  Bay  are  tributary  to  Galveston  Bay.    Much  of 
waters  of  West  Bay,  however,  find  an  Outlet  into  the  Gulf  of  Me 


I* 
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tlirongh  San  Luis  Pass,  East  Bay  lies  between  Bolivar  Peninsula  and 
the  mainland  It  is  15  miles  long  and  varies  in  width  from  1  to  7  miles. 
The  average  depth  of  water  in  this  tributary  is  from  5  to  7  feet.  Trinity 
Bay  lies  north  of  Galveston  Bay,  and  into  this  tributary  the  Trinity, 
JSan  Jacinto,  and  smaller  rivers  empty.  On  account  of  its  distance  from 
the  s^a  and  the  number  of  rivers  emptying  into  it,  the  waters  of  Trinity 
liay  are  quite  fresh.  The  average  depth  of  water  in  this  tributary  is 
hetween  9  and  11  feet.  West  Bay  separates  Galveston  Island  from  the 
Daaiuland,  and  is  about  2^  miles  in  breadth  and  23  miles  in  length.  It 
ii*  very  shallow,  being  at  no  point  more  than  7  or  8  feet  in  depth  and  in 
;j^iu6  places  is  forded  by  cattle.  Oyster  Bay,  sometimes  called  Christ- 
luaas  Bay,  is  a  tributary  of  West  Bay,  and  most  of  its  waters  find  out- 
[*5t  through  San  Luis  Pass,  The  area  of  Galveston  Bay  and  its  tribu- 
t^i^ries  is  estimated  at  5G5  square  miles,  Laguna  Madre  with  an  area 
j^X^Pi^^^^^^i^g  ^il  square  miles  being  the  only  larger  body  of  water 
jx  Texas. 

The  abundance  of  fish  in  Galveston  Bay  seems  to  have  somewhat 
locreased  during  the  past  several  years,  and  the  crews  seining  here 
;2^tch  on  an  average  a  less  quantity  per  seine  than  those  in  the  other 
iinportant  fishing  sections  along  the  coast.  Although  quantities  of 
a»li  are  shipped  into  the  interior  from  Galveston  Bay,  yet  at  times  the 
c£ktx;h  is  not  sufficient  to  supply  the  local  demand,  and  large  consign- 
naonts  are  received  from  other  fishing  ports.  The  great  bulk  of  the 
catch  is  sold  at  Galvest-on  City,  but  occasionally  some  of  the  boats  run 
^I>  Buflfalo  Bayou  and  dispose  of  their  catch  at  Houston,  while  a  few 
fisli  are  sold  at  Wallisville,  Harrisburg,  and  other  villages  on  the  shores 
^^  Oalveston  Bay.  More  of  the  so-called  "cheap  fish"  are  saved  by 
^ulveston  Bay  fishermen  than  elsewhere  along  this  coast.  This  is  due 
^  the  larger  local  demand  among  poor  people; 

Ihe  total  number  of  professional  fishermen  living  around  Galveston 
?^5^y  and  its  tributaries  in  1890  was  440.  Of  these,  284  lived  on  the 
^^'sind  of  Galveston,  52  on  Bolivar  Peninsula,  48  at  Bulfalo  Bayou  and 
^ster  or  Christmas  Bay,  and  some  on  the  mainland  between  Virginia 
^int  and  Chocolate  Bayou.  All  of  these  men  depended  on  oystering 
^^d  fishing  for  a  living,  except  those  on  Bolivar  Peninsula  and  on  the 
*^i^dle  and  western  part  of  Galveston  Island,  who  gave  attention  to 
**^ck  farming  as  well  as  to  the  products  of  the  bay.  Besides  these 
^^:ular  fishermen,  about  150  men  engage  at  times  in  fishing  with  cast 
^^ts,  crab  pots,  etc.,  and  9G  men  were  constantly  employed  in  trans- 
acting and  marketing  the  fishery  products. 

The  fisheries  prosecuted. — The  bay-seine  fishery  and  the  oyster  indus- 
'■^^  are  the  two  principal  fisheries  prosecuted  in  this  locality,  and  the 
l^rsons  engaging  in  one  of  these  do  not  as  a  rule  engage  in  the  other. 
Several  minor  fisheries  are  also  carried  on,  as  the  surf-seine  the  shrimp, 
founder,  crab,  and  cast-net  fisheries,  and  the  line  fishery  for  red  snap- 
'Pers  and  other  fish. 
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The  hay-seine  fishery, — In  1890  there  were  1G5  men  employed  in  the 
bay-seine  fishery.  They  used  60  seines  valued  at  $7,550,  58  sail  craft 
worth  $19,690,  and  skiflfs  and  life  cars  to  the  value  of  $3,150.  Tbo 
catch  amounted  to  1,418,500  pounds,  for  which  the  fishermen  received 
$72,999.  Of  the  sail  craft,  only  two  measured  over  5  tons,  the  combined 
tonnage  of  these  being  12.93  tons. 

The  wagon  or  surf -seine  fishery. — In  1890  twelve  "  wagon"  or  surf 
seines  were  owned   and  fished  here  chiefly  by  the  truck  farmers,  wbo 
sold  their  produce  in  Galveston.    No  boats  are  used  in  this  fishery,  and 
the  catch  is  hauled  to  market  in  wagons;  hence  the  name  for  this 
fishery.    The  surf  seines  are  made  nearly  similar  to  the  bay  seines;  the 
chief  diflFerence  is  that  they  are  not  quite  so  long,  being  only  50  to  CO 
fathoms  in  length.    The  depth  is  from  4^  to  6  feet,  and  the  value  is 
about  $80  each.    They  are  hauled  in  \\ie^  surf  on  the  south  side  of  the 
island,  and  two  men  are  required  to  each  seine.    The  catch,  which 
amounts  to  about  40,000  pounds  in  each  year,  consists  principally  of 
sand  tTO\xt  (Cynosdon  nothus)^  croakers,  and  large  redfish,  with  a  much 
smaller  quantity  of  many  other  species.    As  these  species  arc  foand 
in  greater  abundance  in  the  bays,  this  fishery  has  not  become  very 
important.    The  fishermen,  or  in  many  instances  their  wives,  take  the 
catch  to  Galveston,  where  they  sell  it  from  house  to  house  about  tbe 
city.    On  account  of  the  manner  in  which  they  are  disposed  of,  tb«^ 
fish  usually  return  to  the  fishermen  a  higher  price  per  pound  than  t\x<^ 
taken  by  the  bay  seines.    Galveston  Island  is  the  only  place  in  Te^** 
at  which  these  seines  were  found  in  use. 

Spearing  of  flounders. — Flounders  are  taken  from  the  waters  of  Gal '*^®^* 
ton  Bay  at  night  by  the  method  known  as  "jacking,"  which  is  practi^^ 
all  along  the  Atlantic  coast.  No  one  depends  on  this  fishery,  and  i'*^* 
prosecuted  only  during  the  summer  months.  About  30  men  aroi-^^ 
Galveston  Bay  engage  in  it  at  times.  The  men  go  out  in  the  shal  ^^^ 
water  "  afoot,"  carrying  a  torch  in  one  hand  and  a  spear  in  the  ott::^* 
When  a  flounder  is  discovered  it  is  picked  up  by  means  of  the  sp- 
and  placed  in  the  bag  or  basket  carried  on  the  arm  holding  the  toi 
The  quantity  of  flounders  taken  annually  in  this  manner  in  Galvesi 
Bay  is  about  25,000  pounds,  and  the  price  received  by  the  fishermei^^^^ 
about  6  cents  per  pound.  There  is  always  a  good  demand  in  the  ip  ^^ 
kcts  for  these  fish. 

The  cast-net  fishery. — ^About  ninety -five  cast  nets  are  operated  by  ^^ 
many  persons  from  the  docks,  etc.,  around  Galveston.  These  nets  r 
worth  on  an  average  about  $3.75  each,  the  value  ranging  from  $2  to 
accor^ling  to  the  size,  which  varies  from  4  to  10  feet  in  diameter, 
nets  are  used  only  at  odd  times  by  the  wharf  laborers  and  otl 
persons  when  work  is  slack.  The  catch  amounts  to  about  28,000  poui 
annually  and  consists  chiefly  of  mullet,  with  a  small  quantity  of  otL  -^^ 
fish  and  some  shrimp.  When  not  consumed  at  home  the  fish  ^^'^ 
generally  peddled  about  the  city  by  the  fishermen,  who  receive  ou  ^^ 
average  about  G  cents  per  pound  for  them. 
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The  hooJc-and-line  fisheries. — ^Aside  from  the  red-snapper  fishery,  but 
few  fish  are  taken  by  hooks  and  lines  in  the  vicinity  of  Galveston,  and 
these  mainly  by  sportsmen  and  wharf-idlers,  the  latter  usually  fishing 
off  the  docks  with  short  lines.  Occasionally  some  fish  are  taken  in  the 
Borf  on  the  south  side  of  Galveston  Island  by  means  of  long  hand  lines. 
rhe  method  employed  is  common  on  the  Atlantic  coast  from  New  Jer- 
sey to  Florida  for  taking  many  varieties  of  fish.  The  line  is  several 
bundred  feet  in  length,  and  has  a  hook  and  weight  at  one  end.  The 
>ther  end  is  fastened  to  a  peg  driven  in  the  sand  neiar  the  water's  edge, 
)r  to  one  arm  of  the  person  using  it.  After  coiling  the  line  on  his  arm 
^he  fisherman  goes  back  a  hundred  feet  or  more  from  the  water.  Then, 
running  rapidly  toward  the  surf  and  swinging  the  weighted  hook  around 
lis  head,  he  throws  it  far  out  into  the  water.  Immediately  the  line  is 
Irawn  in,  either  hand  over  hand  or  by  the  fisherman  running  up  the 
>ank.  The  fish  taken  in  this  manner  are  usually  much  larger  than  the 
iverage  of  the  same  species  taken  in  the  seines.  The  most  abundant 
ire  redfish,  trout,  and  occasionally  bluefish,  the  latter  species  being 
nore  numerous  during  the  last  three  or  four  years.  The  quantity  taken 
n  this  manner  and  from  the  bay  is  about  35,000  pounds  annually. 

It  was  formerly  customary  for  a  number  of  the  harbor  and  freight 
)oats  around  Galveston  to  make  several  fishing  trips  during  the  year 
o  the  red-snapper  banks  off  Galveston  Island.  Ordinarily  these  trips 
fere  made  during  the  dull  season  and  were  engaged  in  as  much  for 
>leasnre  as  for  profit.  Some  of  the  boats,  however,  made  quite  abusi- 
less  of  it.  In  this  way,  during  certain  years,  as  much  as  200,000 
K)Tinds  of  red  snappers  were  brought  to  Galveston.  This  fishery  began 
kbout  1881  and  reached  a  maximum  in  1885.  The  schooner  Udna  C, 
onnage  23.06,  was  one  of  the  best  boats  engaged  in  this  fishery,  but 
luring  a  storm  on  September  18, 1885,  while  on  a  trip  to  the  banks,  this 
'essel  was  lost  with  all  on  board.  Since  then  few  boats  have  engaged 
o  any  extent  in  taking  red  snappers.  In  each  of  the  years  1887, 1888, 
,nd  1889  there  were  three  regular  freight  vessels  that  made  trips  to 
he  banks,  while  in  1890  there  were  only  two  such  vessels.  The  crew 
Lsually  consisted  of  five  men  to  each  vessel.  The  catch  of  1889  was 
eported  to  be  22,000  x>ounds,  while  in  1890  it  was  only  4,800  pounds. 

The  oyster  industry. — Galveston  Bay  has  a  greater  area  of  natural 
yejter  beds  than  any  other  bay  in  Texas,  but  the  reefs  are  not  so  plen- 
Lfolly  supplied  with  oysters  as  some  others  in  the  State.  This  is  to 
ome  extent  due  to  overfishing.  In  1890  215  men  living  on  the  shores 
f  Galveston  Bay  were  engaged  in  oystering,  using  127  sailboats  valued 
,t  $42,900,  and  other  apparatus  valued  at  $3,740.  Tlie  catch  amounted 
o  235,300  bushels  of  oysters,  for  which  the  fishermen  received  $72,140. 
L  small  partofthiscatch  was  obtained  fromMatagordaBay  by  Galveston 
ystermen  who  fished  there  for  a  few  weeks.  None  of  the  sail  craft 
mployed  in  the  oyster  fishery  of  Galveston  Bay  measure  over  5  tons. 

The  best  grounds  in  Galveston  Bay  proper  lie  off  Shoal  and  Dollar 
K>ints  on  the  western  side  of  the  bay,  and  off  Steveuaou  ^w^  ^tsMsi 
H.  MJ8. 113 26 
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points  ou  the  east  side.  The  opening  of  the  canal  from  Brazos  Eiver  to 
West  Bay  is  supposed  to  have  had  a  beneficial  effect  on  the  oysters  of 
that  bay,  as  the  fresh  water  constantly  flowing  in  preserves  an  equality 
in  the  density  of  the  water  of  that  region. 

It  is  estimated  that  there  are  about  50  square  miles  of  natural  oyster- 
grounds  in  Galveston  Bay  and  its  tributary  bays.  The  quantity  of 
oysters  taken  from  this  area  varies  greatly,  depending  largely  upon 
the  facilities  for  obtaining  a  supply  from  Matagorda  Bay,  Morgan  City, 
and  elsewhere.  In  1890  about  50,000  bushels  of  uncuUed  oysters  were 
taken  from  the  natural  reefs  for  planting  purposes,  thus  advancing  the 
catch  for  that  year  slightly  beyond  its  usual  proportions. 

The  following  table  exhibits  the  quantity  of  oysters  taken  durtaR 
each  of  the  past  four  years  by  the  oystermen  of  Galveston  Bay: 


Year. 


1887 
1888 
1889 
1890 


Bofthels. 

Value. 

155,000 
220,000 
210,000 
235,300 

$00,050 
78,000 
70,400 
72,140 

^I 
e 


The  shrimp  fishery, — Ten  to  fifteen  years  ago  many  shrimp  were  fot^-^^ 
in  Galveston  Bay,  and  a  factory  was  erected  for  the  purpose  of  cann:^^^ 
them.  In  1880  this  establishment  prepared  75,000  1-pound  can»  ^^ 
shrimp,  but  a  great  decrease  in  the  quantity  necessitated  the  closB^  ^o 
of  the  factory  a  few  years  later,  and  at  present  only  enough  are  obtair^  ^ 
for  daily  supply  in  the  local  market.  These  shrimp  are  taken  by  seir^^^ 
similar  to  the  ordinary  bay  seines,  except  the  mesh  is  much  smalls 
There  were  tea  of  these  seines  in  use  in  Galveston  Bay  in  1890.  Th 
average  value  is  about  $75,  and  the  services  of  two  men  are  requi 
for  the  operation  of  each  one.  One  small  sailboat  worth  about  980 
used  by  each  "  shrimping''  crew.  The  fishery  is  prosecuted  in  much  t 
same  manner  as  the  bay-seine  fishery.  According  to  reports,  the  ca 
during  the  past  ten  years  has  steadily  decreased.  In  1888  it  was  15, 
buckets,  in  1889  it  was  only  13,500,  while  in  1890  it  was  still  ftirth»'-^ 
reduced  to  9,200  buckets.  They  are  sold  fresh,  the  wholesale  pri 
ranging  from  35  to  55  cents  per  bucket,  about  15  pounds  to  the  buck 
The  average  size  of  these  shrimp  is  scarcely  so  great  as  of  those 
in  the  Barataria  region  of  Louisiana,  or  at  Tampico  in  Mexico,  at 
of  which  places  large  quantities  are  obtained. 

The  Arab  fishery, — While  the  taking  of  crabs  in  Galveston  Bay 
scarcely  considered  an  industry,  yet  from  25,000  to  30,000  dozen  ai 
annually  caught  in  trap  nets  and  by  hand  lines.  About  76  crab  trapi^^ 
worth  about  $4  per  dozen,  are  used,  as  well  as  aquantity  of  short,  chea^-^ 
hand  lines.  The  crab  traps  are  made  in  a  rough  manner  by  the  person.^^ 
who  fish  them;  the  ordinary  form  consists  of  a  barrel  hoop,  to  whicr^^ 
is  attached  a  net  bag.  Bait  is  tied  in  the  center  of  the  hoop,  and  t 
trap  is  lowered  from  the  wharf,  to  which  it  is  fastened  by  means  of 
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man  cord.  A  number  of  times  daily  it  is  visited,  raised,  and  the  catch 
aznoved.  The  crabs  are  fished  for  by  the  negroes  and  the  poor  people 
bont  the  wharves,  who  for  the  time  find  nothing  else  to  do.  The 
itch  is  usually  peddled  around  the  city,  the  price  received  averaging 
x>Tit  15  cents  per  dozen. 

J^ish  and  oyster  markets. — ^The  only  wholesale  fish  and  oyster  markets 
i  the  shores  of  Galveston  Bay  are  located  at  the  city  of  Galveston, 
here  there  were  in  1890  five  wholesale  dealers  who  handled  these 
roclacts.  Besides  these  there  were  at  Galveston  also  many  others  who 
fcndled  oysters  to  a  limited  extent,  while  nearly  all  of  the  groceries  in 
le  city,  as  well  as  many  restaurants,  received  from  one  to  ten  barrels 
dly  from  the  fishermen.  The  property  occupied  by  the  five  whole- 
kle  houses  in  that  year  was  valued  at  963,500,  and  85  men  were  given 
nployment. 

^When  taking  their  catch  to  market  the  greater  number  of  the  Gal- 
^ton  fishermen  run  their  boats  into  "  vegetable  slip,"  where  the  catch 
I  sold  in  open  market  either  to  the  wholesale  dealers  or  to  the  many 
dtail  grocers  or  restaurant  keepers. 

It  is  an  interesting  sight  to  see  the  fishermen  together  with  the  truck- 
armers  who  take  their  produce  to  market  in  small  sailboats,  as  they 
M)ngregate  at  their  respective  places  in  the  ''  slip"  every  morning  while 
iwaiting  buyers  for  their  wares.  In  this  place  at  times  there  may  be 
counted  nearly  a  hundred  sailboats,  constituting  a  regular  <^  mosquito 
fleet."  The  list  of  their  produce  for  sale  is  almost  endless.  One  may 
ind  here  a  load  of  oysters,  there  potatoes,  in  another  boat  cauliflower 
md  pigs,  chickens  here  and  terrapins  there,  ducks  and  crabs,  fish  and 
milk.  m 

For  oysters  the  marketmen  pay  from  75  cents  to  $1.50  per  barrel,  the 
iverage  in  1890  being  about  $1.  The  greater  part  of  the  oysters  were 
landled  by  the  Galveston  Packing  Company,  which,  in  addition  to  those 
secured  from  this  bay,  obtained  large  supplies  from  Matagorda  Bay. 
rhe  oysters  are  sold  by  the  marketmen  in  various  quantities  and  con- 
litions.  The  local  demand  usually  requires  oysters  in  the  shell,  while 
;he  inland  trade  is  mostly  for  the  opened  oysters.  When  sold  in  the 
(hell  the  unit  of  measure  is  the  barrel,  holding  about  3  bushels;  the 
>pened  oysters  are  sold  by  the  number,  although  there  is  a  growing 
«ndency  to  sell  by  the  gallon.  The  openers  are  generally  paid  at  the 
*ate  of  $1.25  per  1,000,  but  one  house  has  begun,  instead,  to  pay  25 
^nts  per  gallon  of  solid  meats.  As  the  oysters  are  opened  they  are 
separated  into  two  grades,  selects  and  standards.  They  are  then  placed 
^th  ice  in  tubs  holding  from  1  to  5  gallons,  or  in  tin  cans,  the  capacity 
)f  which  ranges  from  25  to  200  oysters.  The  tin  cans  are  hermetically 
sealed  and  shipped  in  boxes  containing  ice.  They  are  sent  into  the 
nterior  by  express,  and  the  trade,  which  is  growing  rapidly,  extends 
throughout  Texas,  Kansas,  Nebraska,  Colorado,  and  other  Western 
States^  and  even  so  far  distant  as  Chicago. 
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For  most  of  the  fish  the  wholesale  marketmen  usually  give  6  ce^^v^ta 
per  pound  in  the  winter,  and  during  the  summer  months  sometimes         ^ 

low  as  4  cents  per  pound,  and  even  less.    These  prices  are  for  rour ind 

fish.  When  shipped  inland  they  are  packed  in  ice  and  sent  by  ^^vex- 
press.  The pompano,  Spanish  mackerel,  flounder,  robalo  {Centropam^^Btm 
undecimali8)j  and  a  few  other  choice  varieties,  are  sold  almost  entirc^^aBly 
for  consumption  in  the  city,  and  at  fancy  iHrice^,  often  as  much  as  50 
cents  per  pound  being  obtained  for  some  of  them.  The  marketic=~  ng 
houses  also  handle  shrimp,  turtle,  terrapins,  etc.,  as  they  may  be  tak-  ^=i6n 
by  the  fishermen,  which  is  always  in  limited  quantities. 

MATAGORDA  BAY. 

Leaving  Galveston  Bay  and  going  westward  along  the  coast,  at  t^^i^ihe 
mouths  of  most  of  the  estuaries  there  are  a  few  oyster  reefs,  firom  whi»-  -ich 
at  times  the  people  living  at  the  scattering  hamlets  and  plantatio 
obtain  a  "  mess  "  of  oysters.    At  Oyster  Creek,  Brazos  River,  San  B< 
nard  River,  and  Caney  Bayou  a  few  fish  are  taken  by  means  of  lin< 
but  no  established  commercial  fishery  is  met  with  until  Matagorda  Bs^ 
is  reached,  the  entrance  to  which  (Pass  Gavallo)  is  about  125  miles  fr< 
Galveston  City. 

This  bay  is  inclosed  between  Matagorda  Peninsula  and  the  mainland*^^* 
Its  only  channel  to  the  Gulf  of  Mexico  is  through  Pass  Cavallo,  whi^  ^^  ich 
afibrds  uncertain  passage  for  vessels  drawing  9  feet  of  water.  Mat^*^**" 
gorda  Peninsula,  which  separates  Matagorda  Bay  from  the  Gulf,  is .  ^  ^ 
miles  long  and  varies  in  width  from  a  few  rods  to  1 J  miles.  It  is  quS:-^^^ 
low  and  sandy,  and  is  in  many  places  subject  to  an  occasional  overflow  .^:^w« 
I)ermitting  the  waters  of  thl  bay  to  unite  with  those  of  the  Gulf  -  ^ 

Mexico. 

The  Colorado,  Navidad,  Lavaca,  and  other  rivers,  all  combined  draL^  ^la- 
ing  an  area  of  over  50,000  square  miles,  empty  their  waters  into  Matt^=^  ** 
gorda  Bay.    This  would  render  the  water  in  the  bay  quite  fresh,  wei^^^ 
it  not  for  the  large  channel  at  Pass  Cavallo.  « 

Matagorda  Bay  is  about  53  miles  long,  and  the  width  varies  fit)m  , 

to  14  miles.    With  its  tributaries,  Lavaca,  Carankaway,  Trespalacio^^^,   ' 

and  smaller  bays,  it  covers  an  area  approximating  440  square  milee^'^^ '  xj. 


The  depth  of  water  in  the  bay  varies  from  a  few  inches  to  14  feet.    ^.  ^ 

averages  from  10  to  12  feet,  except  in  the  eastern  end  of  the  bay,  wher^^^^^ 


the  ordinary  depth  is  from  4  to  8  feet.     Under  the  infiuence  of  a  stron^^  _^^ 


southeast  wind  this  bay  becomes  exceedingly  rough,  and  during  the^       *l 
last  six  years  more  fishing  boats  have  been  wrecked  here  than  in  allS^^ 
the  remaining  bays  on  the  Texas  coast. 

The  fisheries  prosecuted. — The  extent  of  the  fisheries  of  Matagorda* 
Bay  has  varied  with  the  prosperity  of  the  towns  along  its  shores,  and 
at  no  time  has  it  been  so  great  as  the  bay  is  capable  of  sustaining. 
The  fish  and  oyster  trade  in  1884  and  1885  reached  considerable  pro- 
j)ortions^  but  owing  to  the  abandonment  of  the  bay  by  the  Morgan  line^  / 
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*  steamers  in  1886  it  very  considerable  decreased  in  the  years  foUow- 
g»  In  1890  the  fisheries  of  this  bay  gave  steady  employment  to  109 
3n  and  supported  30  others  for  a  few  weeks.  The  property  invested 
the  fisheries  was  valued  at  $  18,196.  The  total  weight  of  fishery 
cxlucts  amounted  to  893,200  pounds,  for  which  the  fishermen  received 
3,693.  Of  this  amount  $29,200  was  obtained  from  the  sale  of  oysters, 
3  taking  of  which  constitutes  by  far  the  most  important  fishery  in 
3  l>ay.  The  bay-seine  fishery,  although  of  little  importance,  ranks 
iond  in  extent  among  the  fisheries  of  Matagorda  Bay.  A  few  cast 
bs  are  used,  and  some  hook-and-line  fishing  is  done. 
The  bay-seine  fishery, — Seventeen  men  sailing  from  Port  Lavaca  en- 
ged  in  the  bay-seine  fishery  in  1890.  They  used  five  sailboats,  valued 
$1,050,  and  seines,  skififs,  and  live-fish  cars  to  the  value  of  $610.  The 
bell  in  that  year  amounted  to  102,750  pounds,  for  which  the  fishermen 
3eived  $3,593.  In  1889  an  equal  force  was  employed  in  this  fishery, 
A  the  catch  amounted  to  88,800pounds,  valued  at  $3,110.  The  fishing- 
ounds  are  situated  in  the  shoal  waters  of  Matagorda  Bay  and  its 
tnaries,  and  in  the  eastern  part  of  Espiritu  Santo  Bay.  The  catch  is 
.nded  at  Port  Lavaca,  from  which  place  it  is  distributed  through- 
at  the  State  by  the  wholesale  dealers.  Every  year  several  crews  of 
eine  fishermen  from  Galveston  go  to  Matagorda  Bay  to  fish,  sending 
heir  catch  home  by  the  steamer  Cumberland,  The  supply  of  fish  is 
Qucb  greater  than  the  present  market  demands,  and  the  fishermen  are 
requently  idle  for  several  days  at  a  time  because  the  markets  are  over- 
stocked. 

Cast-net^  hook-and-linej  and  other  fisheries. — ^About  thirty  cast  nets  are 
Lsed  at  times  on  the  shores  of  Matagorda  Bay  by  the  regular  seine  and 
yster  fishermen  and  by  other  persons.  The  catch  consists  chiefly  of 
QuUet,  shrimp,  and  a  few  trout  (squeteague),  and  amounts  to  about 
.5,000  pounds  annually,  the  usual  price  for  which  is  3  or  4  cents  per 
>ound.  No  commercial  hook-and-line  fishery  has  been  established  at 
Matagorda  Bay,  yet  about  10,000  pounds  of  various  species  of  fish  are 
annually  taken  by  sportsmen  and  others.  These  consist  chiefly  of  red- 
Lsh,  trout,  jewfish,  etc.,  and  the  catch  is  almost  entirely  used  for  home 
consumption. 

Quantities  of  green  turtle  are  taken  in  Matagorda  Bay  by  the  Aran- 
OS  Bay  fishermen,  but  no  one  living  in  this  section  engages  in  fishing 
or  them.  Shrimp  also  are  found,  but  except  the  few  taken  in  the  cast 
lets  none  are  brought  to  the  settlements. 

The  oyster  industry. — The  finest  oyster  reefs  in  Texas  are  located  in 
iiatagorda  Bay.  The  total  area  of  productive  grounds  in  this  bay  at 
)resent  known  to  the  fishermen  approximates  45  square  miles.  There 
ire  doubtless  many  beds  which  have  not  yet  been  discovered.  The 
>est-known  oyster-grounds  are  Tiger  Island  reef,  Trespalacios  reef, 
!>ld  Town  grounds,  and  those  in  the  extreme  eastern  section  of  the 
)ay,  which  are  sometimes  known  as  the  Live  Oak  grounds. 
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The  oysters  obtained  from  Tiger  Island  reef  are  probably  not  sur- 
passed by  any  on  the  Texas  coast,  either  in  abundance,  condition,  or 
shipping  qualities.  This  reef  is  located  about  3  miles  from  the  mouth 
of  the  Colorado  Kiver,  and  about  28  miles  from  Pass  Oavallo,  the  outlet 
of  the  bay,  and  where  the  fresh  water  from  the  river  mingles  with  the 
salt  water  of  the  bay.  The  depth  of  water  on  this  reef  ranges  from  6 
inches  to  6  feet.  Indeed,  at  times  during  the  prevalence  of  a  strong 
northeast  wind  some  portions  of  the  reef  are  uncovered  with  w^ater  for 
several  days,  and  yet  the  oysters  continue  in  excellent  condition.  The 
formation  of  the  shell  of  the  oysters  on  this  reef  is  somewhat  peculiar. 
It  is  rather  smooth  on  the  outside,  is  very  hard,  quite  deep  and  massive, 
without  sharp  edges,  and  somewhat  resembles  the  shell  of  the  quahog 
or  southern  clam.  This  is  doubtless  largely  due  to  the  great  quantity 
of  lime  in  the  water.  Many  of  the  counties  in  the  valley  of  the  Colorado 
Eiver  are  noted  for  their  liberal  deposits  of  limestone,  and  great  quan- 
tities of  it  are  washed  down  the  river  and  over  these  oyster-grounds. 

The  Trespalacios  grounds  are  located  about  15  miles  W.  by  SW. 
from  Tiger  Island  reef  and  just  north  of  Half  Moon  reef.  The  oysters 
on  these  grounds  difl'er  in  many  respects  from  those  of  Tiger  Island 
reef;  they  are  longer,  with  rougher  shells,  and  usually  are  not  in  so 
good  condition.  It  is  reported  that  several  years  ago  the  oysters  on 
Trespalacios  grounds  "died  out,"  on  account  of  an  overabundance  of 
fresh  water.  After  that  time  oysters  were  not  fished  for  on  these 
reefs  until  the  spring  of  1891,  when  a  few  were  taken. 

The  Old  Town  grounds  are  located  off  Old  Town,  a  short  distance 
north  of  the  former  site  of  Indianola.  Prior  to  1875  very  fine  oysters 
were  obtainable  from  these  reefs,  but  they  gradually  disappeared  and 
the  location  of  the  reefs  was  almost  forgotten.  During  the  winter  of 
1890-91  it  was  discovered  that  these  beds  were  again  productive  and 
they  were  fished  on  at  the  time  of  my  visit.  These  oysters  resemble  in 
appearance  and  flavor  those  obtained  from  the  Trespalacios  grounds. 

In  the  muddy  grounds  east  of  the  Tiger  Island  reef  many  clusters 
of  very  large  oysters  are  found.  These  grounds  are  frequently  called 
the  Live  Oak  or  East  Matagorda  grounds.  They  cover  a  large  area,  but 
the  oysters  are  very  much  scattered.  These  oysters  are  finely  flavored 
and  very  large,  some  of  the  individual  meats  weighing  4  ounces  or  more. 

On  account  of  the  small  demand  and  the  poor  marketing  facilities, 
the  oyster  industry  of  Matagorda  Bay  has  not  reached  a  full  develop- 
ment. The  home  market  requires  only  a  small  quantity.  The  nearest 
shipping- point  to  the  Tiger  Island  reef  is  Port  Lavaca,  over  40  miles 
distant,  and  the  facilities  offered  at  that  point  are  limited. 

The  number  of  men  living  on  the  shores  of  Matagorda  Bay  and  en- 
gaged in  taking  oysters  in  1890  was  reported  to  be  84.  They  used  35 
sailboats  valued  at  $12,400,  and  45  skiff's  which,  with  the  tongs  used, 
were  valued  at  $926.  Tlie  catch  amounted  to  109,350  bushels  of  oys- 
ters, for  which  the  fishermen  received  $29,200. 
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The  following  table  shows  the  catch  of  oysters  during  the  past  four 
years  by  the  fishermen  of  this  bay: 


Year. 


1887 
1888 
1889 
1890 


BosbelB. 


48,000 

53,700 

65,850 

109,350 


Valae. 


$13,000 
15,450 
19,800 
29,200 


Many  oysters  have  also  been  obtained  from  this  bay  during  each  of 
t;1ie  past  four  years  by  men  hailing  from  Galveston,  Arausas  Pass,  and 
Oorpus  Christi;  but  their  catch  has  been  included  in  the  figures  for  the 
localities  in  which  the  oystermen  lived. 

Marketing  houses. — ^The  only  wholesale  fish  and  oyster  markets  on 
t;lie  shores  of  Matagorda  Bay  are  the  two  located  at  Port  Lavaca. 
JHere  8  men  are  employed  and  the  value  of  property  occupied  is 
s^bout  $1,000.  The  quantity  of  fishery  products  handled  is  quite  small, 
£fejid  the  marketing  methods  employed  do  not  materially  differ  from 
-fcliose  practiced  at  other  points  on  the  coast.  As  a  site  for  an  oyster 
<»bniiery  this  bay  is  probably  not  surpassed  by  any  on  the  coast  of  the 
CHrulf  of  Mexico.  The  best  oysters  gathered  there  in  1890  were  sold  on 
-fclie  reefs  at  60  cents  per  barrel  to  vessels  making  occasional  trips,  and 
the  oystermen  could  have  disposed  of  their  catch  every  night  they 
'ould  doubtless  have  been  willing  to  accept  50  cents  per  barrel  at  the 
These  oysters  cost  delivered  at  Corpus  Christi  and  Galveston 
bl>oat  $1  per  barrel. 

ESPIBITU   SANTO  BAY. 

Espiritu  Santo  Bay,  which  lies  southwest  of  Matagorda  Bay,  is  15 
^KKiiles  long  and  averages  about  4  miles  in  width.    Including  its  tribu- 
'taries,  Shoalwater  Bay,  Pringes  Lake,  etc.,  its  limits  extend  over  an 
area  of  about  61  square  miles.    It  probably  contains  more  islands  than 
any  other  bay  on  the  Texas  coast.    By  means  of  two  bayous  it  has  out- 
let into  Pass  Gavallo,  the  outlet  of  Matagorda  Bay.    No  rivers  empty 
into  Espiritu  Santo  Bay,  but  at  its  western  end  it  receives  the  greater 
portion  of  the  fresh  water  of  San  Antonio  Bay,  consequently  the  water 
here  is  quite  fresh,  and  oysters  occur  only  in  very  limited  quantities, 
if  at  alL    In  the  eastern  half  of  the  bay,  where  the  water  is  not  so  fresh, 
the  conditions  are  very  favorable  to  oysters.    The  depth  of  water  in 
this  section  is  from  1  to  8  feet,  and  averages  about  5  feet.    In  this  shoal 
water  ordinarily  the  ground  is  not  muddy  and  appears  to  be  quite  free 
from  shifting  sand.    The  area  of  the  oyster  reefs  is  approximated  at  6 
square  miles. 

No  settlements  exist  on  the  shore  of  Espiritu  Santo  Bay.  The  seine 
fishermen  from  Port  Lavaca,  and  occasionally  those  from  Aransas  Bay, 
fish  here.    Port  Lavaca  is  about  26  miles  distant  and  Aransas  Pass 
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about  50  miles.    This  bay  has  a  local  reputation  for  an  abundance  of 
fish,  but  is  rather  £ar  from  marketing  centers. 

SAN  ANTONIO  BAT. 

Directly  west  of  and  emptying  the  greater  portion  of  its  waters  into 
Espiritu  Santo  Bay  lies  San  Antonio  Bay.  Its  area  approximates  129 
square  miles.  Into  it  empty  the  Guadalupe  and  San  Antonio  rivers 
and  smaller  streams.  The  waters  of  the  bay  are  comparatively  fr^ 
and  no  oyster  reefs  whatever  are  found  there,  except  in  the  extreiP® 
western  portion,  the  oysters  of  which  are  frequently  destroyed  by  spri^B 
freshets,  and  are  rarely  taken  by  the  fishermen. 

On  the  Guadalupe  River,  a  few  miles  above  its  mouth,  some  CjSit&^ 
are  taken  by  fishermen  from  Aransas  Bay.    Aside  from  this,  beesi'^^ 
of  the  lack  of  settlements  along  the  shores,  there  are  no  fisheries  p:^^^* 
ecuted  in  San  Antonio  Bay.    Its  fresh  water  will  probably  prev 
the  ordinary  fisheries  of  this  coast  from  ever  being  extensively  carir    ^^ 
on  here. 


^v!^ 


MESQTJIT  BAY. 


This  beautiful  sheet  of  water  forms  counection  between  San  Anto 
and  Aransas  bays,  and  covers  an  area  of  about  23  square  miles, 
sides  its  outlet  into  Aransas  Bay,  it  has  a  narrow  passage  to  the 
of  Mexico  through  Cedar  Bayou.    The  depth  of  water  is  from  1  ti^    ^ 
feet,  and  averages  about  4  feet;  but  in  the  channel  among  the  islarC^^^ 

a  depth  of  15  or  more  feet  may  be  found.    The  bottom  is  mostly  cover ^ 

with  thick  mud.    There  are  several  shoals  or  narrow  places  in  the  chj^  ^* 
nel  through  this  bay  that  very  much  impede  navigation  and  frequent-^ 
cause  even  the  shallow  fishing  craft  to  await  a  higher  tide  or  a  chau^ 
of  the  wind. 

In  many  places  in  this  bay  are  found  small  reefs  from  which  fine  oys- 
ters may  be  obtained.  In  fact,  wherever  the  ground  is  sufficiently  firm 
for  the  oysters  to  '*  gain  a  footing ''  they  appear  to  do  well.  At  low  tide 
one  may  go  on  many  of  the  small  exposed  reefs  and  pick  up  a  bushel 
or  more  of  oysters.  Instances  are  reported  in  which  30  bushels  of  fine 
oysters  have,  in  three  hours,  been  picked  up  by  one  man  from  an  area 
less  than  100  feet  square.  Cedar  Bayou,  which  connects  this  bay  with 
the  Gulf  of  Mexico,  produces  some  of  the  largest  oysters  found  on  the 
coast  of  the  Gulf  States,  and  their  flavor  is  excellent;  many  of  these 
are  so  large  that  less  than  80  will  fill  a  3-bu8hel  barrel.  The  reefs  of 
other  localities  are  better  known  and  less  difficult  of  access,  and  those 
of  Mesquit  Bay  and  Cedar  Bayou  have,  therefore,  received  little  atten- 
tion. When  the  oyster  industry  of  Texas  has  been  fully  developed,  it 
is  probable  that  Mesquit  Bay  will  be  one  of  the  best  places  along  the 
coast  for  bedding  and  growing  oysters.  There  are  no  towns  on  the 
shores  of  this  bay,  hence  such  fish  as  are  obtained  from  the  waters 
thereof  are  taken  by  men  living  in  other  localities. 
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ABANSAS  BAY. 

Aransas  Bay  lies  southwest  of  Mesquit  Bay  and  empties  its  waters 
into  the  Golf  of  Mexico  through  Aransas  Pass.  The  Mission,  Aran- 
sas, and  other  rivers,  all  together  draining  an  area  of  about  2,200  square 
miles,  empty  their  waters  into  this  bay.  One  of  its  tributaries,  Copano 
Bay,  nearly  equals  it  in  area.  It  also  has  several  smaller  estuaries, 
Tiz,  St.  Charles  Bay,  Mission  Bay,  Puerto  Bay,  Shallow  Bay,  etc.  The 
area  of  Aransas  Bay  and  its  tributaries  is  163  square  miles.  Its  great- 
est length  measures  nearly  20  miles,  and  the  average  width  of  the  bay 
prox>er  is  about  5  miles.  Its  largest  tributary,  Copano  Bay,  is  about 
13  miles  long  and  5  miles  wide. 

The  depth  of  water  in  Aransas  Bay  proper  ranges  from  a  few  inches 
to  14  feet,  the  latter  depth  being  found  in  front  of  the  city  of  Aransas 
Pass  and  about  1 J  miles  from  shore.  The  average  depth  of  water  is 
about  10  feet.  Southwest  of  Goose  Island  and  from  1^  to  2  miles  dis- 
tant there  is  a  channel  30  feet  deep. 

In  the  eastern  portion  of  the  bay  there  are  a  number  of  reefs  over 
which  the  depth  of  water  ranges  from  a  few  inches  to  6  feet.  The  most 
prominent  of  these  reefs  are  Orass  Island,  Half  Moon,  Long,  Pelican, 
and  Poverty  reefs.  In  Copano  Bay,  the  northern  portion  of  Aransas 
Bay,  the  depth  of  water  does  not  exceed  10  feet  and  the  average  is  not 
more  than  7.  In  this  tributary  are  Shell  Bank  reef,  Copano  reef,  Lap 
Beef  bank,  and  Lap  reef  5  these  reefs  are  narrow,  but  extend  several 
miles  in  length.  As  there  is  little  depth  of  water  over  them  they  mate- 
rially affect  the  navigation  of  the  bay  even  by  small  fishing  craft. 

Importance  of  the  fisheries. — Since  the  abandonment  of  the  beef-pack- 
ing business  about  1880,  and  up  to  the  present  time,  the  fisheries  have 
been  the  most  important  of  the  industries  prosecuted  at  Aransas  Pass 
and  Pulton.  In  January  of  1880  a  small  establishment  for  canning 
fish  was  erected  here  by  Messrs.  Kearney  &  Mercer,  but  it  was  in  opera- 
tion only  a  short  while.  The  fish  marketed  fresh  were  shipped  on  the 
steamers  of  the  Morgan  Steamship  Line  to  Galveston  and  other  ports, 
and  thence  distributed  throughout  the  interior.  This  business  was  quite 
extensive  for  several  years  before  those  steamers  abandoned  this  port. 

On  the  completion  of  the  San  Antonio  and  Aransas  Pass  Railroad  in 
1888,  a  number  of  fishermen  from  Matagorda  Bay  moved  here,  and  two 
fish-marketing  houses  were  established.  In  1890  these  two  were  con- 
solidated, but  before  the  close  of  that  year  another  market-house  was 
erected,  and  the  two  are  now  doing  business. 

In  1890  there  were  engaged  in  the  fishery  industries  of  Aransas  Bay 
210  men,  using  property  valued  at  $59,540.  The  catch  amounted  to 
2,055,150  pounds,  for  which  the  fishermen  received  $62,822.  The 
taking  of  fish  by  means  of  bay  seines  is  the  most  important  fishery 
here.  The  oyster  industry  ranks  second,  and  considerable  attention  is 
given  to  the  capture  of  green  turtle.  A  few  fish  are  tjiken  by  means  of 
hook  and  line,  and  quantities  of  crabs,  flounders,  mullet,  eto.,  ^t^  \;^^\i. 
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The  bay-seine  fishery. — ^In  1890  29  seines  were  used  in  taking  fish  for 

the  Aransas  Pass  markets,  and  90  men  were  employed  in  operatK.  ^^='Uig 
them.  The  catch  amounted  to  1,198,000  pounds  of  scale  fish  valued-^  at 
$41,925,  and  46,100  pounds  of  green  turtle  and  terrapins,  for  which  ^r  tlie 
fishermen  received  $1,637.  The  number  of  sail  craft  employed  in  f^K^  the 
bay-seine  fishery  in  that  year  was  27,  the  value  of  which  was  $11,6*^-^500. 
Of  these  only  5  were  over  5  tons  measurement. 

The  price  received  by  the  fishermen  for  their  catch  was  3^  cents  aHper 
pound  in  1890  j  it  was  3 J  and  4  cents  in  1889,  whUe  in  1887  and  lf==)88 
it  was  only  3  cents  per  pound  round  weight. 

During  the  last  two  or  three  years,  on  account  of  the  abundance^ai  of 
fish  and  the  good  shipping  facilities,  the  seine  fishery  has  been  moc^re 
prosperous  at  Aransas  Bay  than  at  other  points  along  the  Texas  cos^^^t 
The  average  catch  of  fish  to  each  man  engaged  in  this  fishery  at  Aran^^saa 
Bay  in  1890  was  13,823  pounds,  valued  at  $484. 

The  favorite  fishing-grounds  are  north  of  Live  Oak  Peninsula^  in 
Shallow  Bay,  along  the  shores  of  St.  Joseph  Island,  in  Bedfish  B^imJj 
and  St.  Charles  Bay.  Seines  are  not  used  in  the  rivers  nor  outside  ^ 
the  Gulf  of  Mexico. 

Hook-and-Une  and  other  fisheries. — In  May  and  June  numbers  of  i>^^' 
sons  engage  in  taking  jewflsh  with  hook  and  line,  and  about  25,0^^ 
pounds  are  captured  annually.    The  catch  is  usually  sold  to  the  m 


ketmen  at  4  cents  per  pound.    The  quantity  of  redfish,  trout,  tarpon,  et^^^  *' 
t^rken  by  means  of  hooks  and  lines  by  sportsmen  and  the  professioc^  ^* 
fishermen  who  engage  at  odd  times  in  this  fishery  is  about  35,000  x>oud.  ^ 
annually.    These  would  sell  in  the  local  markets  for  about  $1,200. 

In  most  of  the  rivers  in  this  section  of  the  State  there  are  mai 
catfish,  but  no  established  fishery  for  taking  them  exists  here  as 
Louisiana.    These  fish  are  especially  abundant  in  the  Guadalupe  lUv^ 
which  empties  into  San  Antonio  Bay.    They  are  very  popular,  in  mar^ 
places  being  preferred  to  trout  (squeteague)  and  redfish.    The  mark^^ 
for  them  in  the  State  was  developed  by  the  dealers  at  Morgan  City, 

A  few  cast  nets  are  used  here,  and  flounders  and  crabs  are  taken  b, 
means  of  spears  and  lines,  respectively.    These  fisheries,  however,  ar^ 
of  minor  importance.  r 

The  oyster  industry. — Next  to  the  seine  fishery  the  taking  of  oysteri?        f 
is  the  most  important  fishery  of  Aransas  Bay.    Twenty-six  men  were        . 
employed  in  this  fishery  in  1890,  and  the  catch  amounted  to  26,550 
bushels,  for  which  the  fishermen  received  $6,600.    The  reef»  resorted        / 
to  change  from  year  to  year,  on  account  of  the  freshets  occasionally       f 
destroying  many  of  the  beds.    During  some  years  the  greater  part  of      r 
the  oysters  handled  are  obtained  from  reefs  in  Matagorda  Bay.    The     * 
best-known  reefs  in  Aransas  Bay  and  tributaries  are  located  off  the    • 
northeast  section  of  St.  Joseph  Island  and  in  the  southern  waters  of    ' 
Copano  Bay.    In  the  extreme  eastern  part  of  Aransas  Bay  there  are    f 
several  small  and  scattered  reefs  which  are  quite  productive.    The  area  / 

f 
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of  the  grounds  in  this  bay  and  its  tributaries  that  have  pit>daced  oys- 
'ters  during  the  past  ten  years  is  estimated  at  15  square  miles. 

The  depth  of  water  over  the  oyster  beds  varies  from  a  few  inches  to 
8  or  more  feet.  No  oysters  are  obtained  from  grounds  more  than  7  feet 
under  water,  although  there  are  probably  many  beds  in  such  places. 

Only  a  small  part  of  the  oysters  shipped  from  the  shores  of  Aransas 
Bay  are  obtained  from  its  waters.  In  recent  years  the  supply  has  been 
largely  drawn  from  Matagorda  Bay,  while  Espiritu  Santo,  Mesquit^ 
and  Corpus  Christi  bays  have  furnished  a  few  for  this  market. 

Hie  green-turtle  fishery, — Green  turtle  (Cheloniamydas)  have  at  times 
appeared  in  large  numbers  in  Aransas  Bay.  In  1869  the  beef-packeries 
be^an  to  can  them.  When  these  canneries  were  closed  about  ten  years 
ago,  a  smaU  factory  was  established  at  Fulton  for  preparing  turtle  meat 
for  market  in  1  and  2  pound  tin  cans.    This  is  still  continued. 

The  weight  of  the  green  turtle  taken  on  the  Texas  coast  varies  from 

lO  to  1,000  pounds,  and  averages  about  270  pounds.    When  they  arrive 

in  Texas  waters  they  are  in  poor  condition,  but  they  fatten  rapidly  and 

best  for  the  market. from  August  to  the  end  of  the  season. 

Ajransas  and  Matagorda  bays  and  the  lower  end  of  Laguua  Madre 

favorite  fishing-grounds;  yet  at  times  the  nets  are  set  in  other  bays 

the  coast,  and  trips  are  made  even  beyond  the  Eio  Grande.    The 

s^^UKin  for  ^'  turtling"  begins   in  March  and  closes  in  October,  June 

±o   September  being  the  best  time  for  this  fishery. 

Oreen  turtle  are  never  taken  with  seines  on  this  coast,  nor  are  they 
usually  hunted  on  the  beaches  duriug  the  breediug  season.  Gill  nets 
*^x-^  the  common  means  of  capture,  the  length  varyiug  from  60  to  100 
^^a^t,  and  the  depth  from  7  to  10  feet.  The  size  of  the  mesh  ranges 
^fi[^x>in  14  to  16  inches  square,  the  twine  used  being  from  48  to  60  medium- 
^^^id.  The  nets  are  made  by  the  fishermen,  and  about  2J  pounds  of 
^^^^ine  are  necessary  for  each  one.  No  lead  line  is  used,  only  a  float 
^^©  being  required.  The  cost  of  each  net,  ready  for  use,  including 
^opes,  cost  of  making,  etc.,  is  about  $15.  Each  fishing  crew  should 
^ave  twenty  or  more  of  these  nets. 

The  nets  are  set  in  the  "runs"  or  channels  to  which  the  turtle  resort 

"^  feed.    The  order  in  which  they  are  set  varies  with  the  "lay  of  the 

^nd."    One  of  the  lower  ends  of  the  net  is  fastened  by  means  of  a  rope 

to  an  anchor,  leaving  the  net  to  swing  freely  with  the  current.    Each 

€ne  is  generally  placed  at  a  distance  from  the  other  slightly  greater 

than  the  length  of  the  net,  so  that  the  nets  may  swing  clear  of  each 

other  when  the  current  changes.    A  turtle  swimming  through  the  "run '' 

is  likely  to  pass  a  "flipper"  through  the  mesh  of  one  of  these  nets;  and 

while  endeavoring  to  extricate  it,  becomes  completely  entangled  and 

is  easily  secured.    The  daily  catch  varies  from  nothing  to  20  turtles,  an 

average  of  2  or  3  being  quite  good.    The  depth  of  water  in  which  the 

nets  are  set  is  usually  from  9  to  14  feet.    The  best  fishing  is  done  at 

night,  but  the  day  time  is  very  good  if  moderate  trade  winds  prevail 

and  the  water  be  slightly  rough. 
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Green  turtle  are  gradually  becoming  less  abundant  on  the  coast  of 
Texas,  yet  on  account  of  the  increasing  demand  for  them  the  aimaal 
catch  is  probably  increasing.  The  turtles  are  either  disposed  of  at  the 
Fulton  canning  factory  or  are  sold  to  the  fresh-fish  marketmen,  wko 
ship  them  to  the  interior  and  even  to  New  York  City.  Those  sent  to 
the  latter  place  go  by  the  regular  line  of  steamers  from  Galveston,  to 
which  port  they  ai*e  sent  by  rail  or  general  freight  boats  frt)m  Aransiu 
Pass.  They  are  shipped  alive,  and  live  a  great  length  of  time  out  of 
water. 

The  fishermen  usually  receive  from  1  to  2  cents  per  pound  for  their 
catch.  While  awaiting  a  suitable  market  the  turtles  are  kept  in 
<«  crawls,"  or  pens,  made  of  poles  driven  in  the  bottom  of  the  bay  a 
few  inches  from  each  other,  and  sufficiently  long  to  project  a  few  feet 
above  the  surface  of  the  water.  If  properly  fed,  the  turtle  may  be  re- 
tained several  months  in  such  inclosures. 

The  cannery  at  Fulton  was  established  on  a  small  scale  in  1881.   In 
1890  about  900  green  turtles,  weighing  243,000  pounds,  were  reported 
as  being  received  at  this  cannery.    About  40,000  2-pound  cans  of  tm* 
tie  meat,  and  300  dozen  2-pound  cans  and  500  dozen  3-pound  cans  of 
**  turtle  soup-' were  prepared.    It  is  quite  difficult)  to  prepare  th©^ 
products  so  that  they  will  keep  a  suitable  length  of  time,  such  woJ^*^ 
requiring  close  attention  and  the  greatest  cleanliness. 

The  shells  of  the  green  turtle  have  no  recognized  commercial  val**^^ 

Marketing  of  fishery  products. — In  1890  there  were  two  wholesale  ft^ 
and  oyster  markets  at  Aransas  Pass.  The  number  of  men  employ'^ 
was  31,  and  the  capital  invested  $23,000.  All  the  fishery  and  ga^^^ 
products  of  the  region  were  handled  by  these  two  houses,  and  in  t  J^ 
same  manner  as  is  common  along  the  coast.  One  of  the  marketif^ 
houses  was  connected  with  an  ice  plant  and  the  fish  were  preserved  ^ 
dry  cold  storage  while  awaiting  orders  from  the  interior. 

CORPUS  CHEISTI  BAY. 

Southwest  of  Aransas  Bay  and  connected  with  it  by  Corpus  Christ^ 
Bayou  is  situated  Corpus  Christi  Bay.    This  is  a  beautiful  body  ori 
water,  very  nearly  circular  iu  shape,  and,  together  with  its  tributaries^ 
covers  about  185  square  miles.    The  average  depth,  of  water  is  fully  1^ 
feet.    At  present  the  only  navigable  outlet  is  through  Aransas  Pass  by 
way  of  Corpus  Christi  Bayou.    This  bayou  had  a  natural  depth  of  water 
of  about  4  feet,  but  by  Morris  and  Cunningham's  Cut  it  has  been  made 
navigable  for  vessels  drawing  7  feet. 

The  only  estuaries  entering  Corpus  Christi  Bay  are  the  Nueces  River 
and  Oso  Creek.  The  latter,  as  implied  by  its  name,  is  quite  salty.  It 
is  wide  and  shallow  and  drains  but  a  small  area;  in  fact,  it  is  more  of 
a  tributary  bay  than  a  creek.  The  Nueces  Eiver  drains  about  10,000 
square  miles  of  territory,  and  at  times  during  the  spring  it  empties 
^fxeat  quantities  of  fresh  water  into  the  bay. 
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The  fisheries  prosecuted. — In  Corpus  Oliristi  Bay  all  tlie  fish  common 
to  the  bays  along  the  Texas  coast  are  found.  In  1886,  when  Indianola 
'was  destroyed,  many  of  the  fishermen  from  that  place  came  to  Corpus 
Cliristi,  and  these,  together  with  a  large  number  of  men  who  formerly 
fislied  at  Point  Isabel,  are  now  plying  their  trade  here.  The  total 
nnmber  of  men  engaged  in  the  fishery  industry  of  this  bay  in  1890  was 
reported  to  be  175,  and  the  capital  invested  $44,330.  The  catch 
amounted  to  1,238,550  pounds,  for  which  the  fishermen  received  $45,625. 
Only  two  of  the  fisheries  prosecuted  here  have  any  commercial  impor- 
tance; these  are  the  bay-seine  fishery  and  the  oyster  industry.  Many 
green  turtle  are  handled  in  the  wholesale  markets  of  Corpus  Christi, 
bat  tbey  are  purchased  of  the  fishermen  hailing  from  Aransas  Bay  and 
point  Isabel.  Shrimp  are  found  to  a  limited  extent,  but  no  fishery 
bas  been  established  for  taking  them.  Crabs  and  a  few  flounders  are 
taken  by  boys  and  wharf-idlers  for  local  consumption. 

The  bay-seine  fishery, — ^In  1890  there  were  engaged  in  the  seine 
fisbery  at  Corpus  Christi  70  men,  using  16  sailboats  valued  at  $5,200, 
axLd  seines,  skiffs,  and  live-fish  cars  to  the  value  of  $2,820.  The  catch 
s^monnted  to  719,950  pounds,  for  which  the  fishermen  received  $24,965. 
Tills  fishery  is  gradually  increasing  in  extent  at  Corpus  Christi.  The 
saal  craft  employed  are  somewhat  larger  than  those  used  in  the  other 
l>£^ys  of  Texas.  The  market  men  report  that  redfish  are  growing 
soarcer  and  that  sheepshead  are  rather  more  plentiful  than  formerly. 
Tli.e  price  received  by  the  fishermen  for  their  catch  has  been  for  the 
pa«t  several  years  about  3^  cents  per  pound  for  the  ordinary  fish. 

^and-line  and  other  fisheries. — ^Many  redfish,  trout,  jewfish,  etc.,  are 

ta^en  by  means  of  hand  lines  by  the  Corpus  Christi  fishermen  and 

Sportsmen,  and  occasionally  a  visit  is  made  to  the  red-snapper  banks 

^*f  Aransas  Pass.    The  hook-and-line  fishery  does  not,  however,  have 

^iiy  commercial  rank.    The  total  quantity  of  fish  taken  in  this  manner 

^  about  25,000  x>ounds  annually.    These  would  sell  in  the  markets  for 

^bout  $1,000. 

A  large  number  of  cast  nets  are  used  by  boys  and  others  for  fishing 
^ff  the  wharves  and  along  the  shores.  The  catch,  which  consists  of 
Pallet,  trout,  etc.,  amounts  to  about  20,000  pounds  annually. 

Spears  are  in  use  to  a  small  extent  in  the  shallow  waters,  for  the 
!))nrpose  of  obtaining  flounders,  the  annual  catch  amounting'to  about 
4,000  pounds. 

Crab  fishery. — As  at  other  points  along  the  Texas  coast,  crabs  are 
abundant  in  Corpus  Christi  Bay.  There  is,  however,  little  demand  for 
them  in  the  markets,  and  even  this  is  entirely  for  local  consumption; 
hence  no  one  engages  in  taking  them  to  so  great  an  extent  as  to  de- 
pend on  it  for  a  living.  The  crabs  are  taken  by  means  of  dip  nets, 
baited  Unes,  etc.  The  catch  is  mostly  peddled  about  the  city  and  sells 
at  15  to  30  cents  per  dozen. 
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The  oyster  industry, — The  area  of  the  imtural  oyster  reefs  in  Corpus 
Ghristi  Bay,  at  present  known  to  the  fishermen,  is  estimated  at  13 
square  miles.  The  beds  are  located  principally  near  the  shore  between 
the  San  Antonio  and  Aransas  Pass  Railroad  bridge  and  Ingleside 
Cove.  A  few  small  reefs  lie  directly  off  the  piers  at  Corpus  Christi, 
and  about  halfway  between  Corpus  Christ!  and  the  mouth  of  Oso  Creek 
there  are  others.  At  the  entrance  of  Oso  Creek  into  the  bay  and 
around  Shamrock  Point  a  few  oysters  have  been  obtained.  Buttke 
two  last-mentioned  reefs  are  somewhat  distant  from  the  city  and  the 
water  is  deep  and  frequently  rough,  so  that  .they  are  rarely  fished  on. 

On  account  of  the  great  depth  of  water  in  Corpus  Christi  Bay,  the 
condition  of  only  such  grounds  as  are  located  in  the  shoal  waters  near 
the  shore  are  known  to  the  fishermen.  There  seems  to  be  no  reason  to 
doubt  that  many  oyster  reefs  at  present  unknown  exist  in  the  deeper 
waters  of  this  bay,  as  well  as  in  the  other  bays  along  the  coast. 

Frequently  spring  freshets  occur  on  the  Nueces  River,  and  the  great 
quantities  of  fresh  water  emptied  into  the  bay  destroy  many  oysteis* 
Occasionally  these  freshets  bring  down  quantities  of  sand  and  mud) 
which  cover  the  oyster  beds  and  prove  very  destructive. 

In  1890  the  number  of  men  engaged  in  oystering  from  Corpus  Christ 
Bay  was  40.  They  used  13  sailboats,  valued  at  $6,100,  and  skiffs  ^^^ 
tongs  to  the  value  of  $390.  The  catch  of  oysters  amounted  to  05,400 
bushels,  for  which  the  fishermen  received  $18,350. 

Prior  to  the  season  of  1890-91  no  instruments  other  than  tongs  1:^** 
been  used  for  taking  oysters  in  Corpus  Christi  Bay.  During  that  9^^ 
son,  however,  a  small  dredge  was  used  on  the  schooner  0.  Highla^^^'^ 
16.36  tons  measurement.  This  was  the  first  attempt  to  utilize  dred^^^ 
in  the  taking  of  oysters  in  this  State.  The  work  done  was  complet-^^ 
satisfactory,  and  doubtless  many  more  dredges  would  have  b^^^ 
employed  during  the  following  season  had  not  the  State  legislati:---^ 
prohibited  their  ftirther  use. 

Fish  and  oyster  markets, — There  were  two  wholesale  dealers  at  Corp^^ 
Christi  in  1890,  who  handled  nearly  all  the  fish  and  oysters  taken  i 
the  Corpus  Christi  fishermen;  also  many  oysters  obtained  from  Mat9^^ 
gorda  and  Aransas  bays. 


* 


LAaUNA  MADEE  AND  THE  LOWEB  BIO   GRANDE. 


Opening  directly  into  Corpus  Christi  Bay,  and  extending  southward* 
a  distance  of  120  miles  to  Boca  Chica,  lies  Laguna  Madre,  so  called 
because  of  the  numerous  smaller  lagoons  or  shallow  bays  extendin  ^ 
inland  that  are  tributary  to  it.  Laguna  Madre  is  from  2  to  13  mile^ 
wide,  and  covers  an  area  of  about  811  square  miles.  It  is  very  shallo^i^ 
averaging  but  little  over  2  feet  in  depth,  and  in  many  places  the  gronnr-^ 
is  quite  bare  at  low  tide.    It  is  not  navigable  except  in  limited  area^^ 

On  account  of  the  saltness  of  the  water,  few  fish  are  found  in 
Madre,  e2:cept  at  the  extreme  lower  end  near  Point  Isabel,  where 
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388  salty  water  of  the  Gulf  of  Mexico  finds  entrance  through  Brazos 
lantiago  and  Boca  Ghica.  The  depth  of  water  here  varies  from  3  to  6 
^et.  All  the  species  of  fish  common  along  the  Texas  coast  are  found 
ere,  and  many  of  them  in  abundance.  But  the  fisheries  are  not  prose- 
ated  to  any  great  extent  on  account  of  the  small  market  for  the 
atch. 

Bay-seine  fishery. — ^The  bay-seine  fishery  employs  two  seines,  four  men 
yeiug  required  for  each  seine.  These  men  work  probably  about  one 
lundred  and  fifty  days  in  the  year.  The  catch,  which  amounts  to 
ibout  75,000  pounds  annually,  is  bunched  and  sent  by  rail  to  Browns- 
irille  and  Matamoras  once  or  twice  each  week,  particular  attention  being 
[)aid  to  having  them  on  the  markets  on  ''  fast  days."  Each  bunch  of 
ish  weighs  about  5  pounds,  and  these  are  sold  in  the  markets  for  <<  two 
t)its  "  (25  cents)  each.  Th%  weight  of  fish  in  a  bunch  varies  according 
bo  the  supply  and  demand,  but  the  price  per  bunch  does  not  ordinarily 
change. 

The  seine  fishermen  also  catch  shrimp  in  their  seines,  the  quantity 
Dbtained  annually  being  about  30,000  pounds.  These  are  marketed 
l)oth  fresh  and  dried. 

Catfish  071  the  Lower  Bio  Orande. — In  the  Eio  Grande,  between  its 
mouth  and  Hidalgo,  a  distance  of  about  100  miles,  yellow  and  silver 
[catfish  are  abundant.  The  quantity  taken  on  the  American  side  is 
About  30,000  pounds  annually.  Aside  from  this  no  fishery  is  reported 
from  the  Lower  Bio  Grande. 

Cast-net  and  crab  fisheries. — About  twenty  cast  nets  are  used  at  Point 
Isabel  at  times.  The  catch  consists  of  mullet,  shrimp,  trout,  etc.,  but 
chiefly  of  the  first  named  variety.  It  amounts  to  about  10,000  pounds 
Eumually,  some  of  which  is  consumed  locally  and  the  rest  sent  to 
Brownsville. 

A  few  crabs  are  taken  here  by  traps  and  lines.  The  catch,  however. 
Is  quite  small  on  account  of  the  limited  market  demand. 

Green-turtle  fishery. — About  50,000  pounds  of  green  turtle  are  ob- 
tained annuaUy,  one  sailboat  and  three  men  being  employed;  but  on 
icconnt  of  the  distance  from  market  the  prices  received  by  the  fisher- 
men are  small,  averaging  not  over  a  cent  per  pound.  A  large  factory 
for  canning  green  turtle,  oysters,  fish,  game,  etc.,  was  for  a  short  while 
in  operation  at  Point  Isabel. 

The  oyster  industry. — Four  men,  with  three  small  sailboats,  are  re- 
ported as  having  engaged  in  taking  oysters  by  means  of  tongs  in  1890. 

The  oyster  reefs  near  Point  Isabel  are  quite  scattering,  and  are  spread 
>ver  about  3  square  miles.  The  most  productive  grounds  are  located 
fclong  the  shore  of  the  mainland,  about  3  or  4  miles  west  of  Point  Isabel. 
Some  small  reefs  are  included  between  Long  Island  and  the  mainland, 
md  at  various  other  points.  The  total  quantity  of  oysters  taken  an- 
lually  from  this  section  is  about  4,200  bushels.  Many  more  might  be 
>btained^  but  the  catch  is  restricted  by  the  small  demand. 
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Table  of  perBons  employed  in  the  fisheries  of  Texas  in  1890. 


How  engaged. 

Sabine 
Lake. 

Galves- 
ton 
Bay. 

Mata- 
gorda 
Bay. 

Aran- 

aaa 

Bay. 

Corpus 

ChruM 

Bay. 

Laguna 

Madre  and 

lower  Rio 

Grande. 

T0I 

Bav-Beine  flsherv 

8 

165 

215 

24 

20 

17 
84 

00 

26 

70 
40 

8 

4 

, 

Ovfttcr  indtiHtrv 

Siirf-Boine  fiaherv 

ShriniD'SeiiiG  fittnerv 

Turtle  fisherv 

*1» 

50 
ii 

46" 

25 

S 

19 

2 

Miscellaneous  fisheries  t 

Marketinir  Mnd  CAnniDflTr  r . . . .  r 

26 

163 
:96 

30 
8 

Total 



1 

84 

683 

139 

210 

175  ^                  3fi 

1. 

*  Sixteen  of  these  men  engaged  also  in  the  oyst-er  fishery  during  the  winter,  hence  they 
included  only  once  in  the  totus. 

t  Of  328  men  employed  in  "  misceUaneons  fisheries  "  o»ly  the  following  number  dejiendet 
the  fisheries  for  a  living:  Sabine  Lake, 6;  Galveston  Bay,  16;  and  Corpus  Christi  Bay,  10. 

X  This  includes  11  men  on  the  steamer  Chtmberland^  engaged  in  transporting  fish  and'^oyst 

Table  of  apparatus  and  capital  in  the  fisheries  of  Texas  in  1890, 


Designation. 

Sabine  Lake. 

Galveston 
Bay. 

Matagorda 
Bay. 

AranaasB 

No. 
2 

Value 

No. 

58 
127 

10 
176 
210 

Value. 

No. 

5 
85 

Value. 

No.' 

27 
11 

1 
32 
17 

2 

29 

Vail 

Sail  craft,  bay-seine  fishery 

ovst'ftr  fishcrv 

$350 

$19,690 

42,900 

800 

1.950 

2,140 

$1,650 
12,400 

$11,6 

4.4 

7 

other  fisheries 

Skiffs,  bav-seine  fishery 

2 

20 

6 
45 

60 

380 

3 

0  vsler  fishery .............. 

1 

other  fisheries 

6 
2 

30 
200 

Apparatus  of  capture,  etc. : 
Bav  seines 

60 
12 
10 
95 

7,550 
900 
750 
355 

5 

500 

4.3 

Surf  seines 

Shriron  seines 

Cast  nets ....................... 

ao 

95 

80 

100 

50 
200 

j| 

Turtle  nets 

2,0 

Orab  trans 

75 

'246' 
120 

1 

25 

1,050 

1,600 

1,200 

15,000 

64,500 

30,000 

Lines,  suears. etc 

70 

"'si' 

5 

10 

646 

50 

29 
55 

Castor  toners ................. 

1 

Live-fish  cars 

10 

61 

5 

TransDortinfi  steamer 

Shore  nronertv 

1,000 
1,500 

..... 

25,0 
10.0 

Cash  capital .,,^^,,,^^ 

Total 

826 

190, 410 

18,196 

50.5 

Designation. 


Sail  craft,  bay-seine  fishery, 
oyster  fishery  — 

oiher  fisheries 

Skiffs,  bay -seine  fishery 

oyster  fishery 

other  fisheries 

Apparatus  of  capture,  etc. : 

Uay  seines 

Surf  seines 

Shrimp  sei  nes 

Cast  nets 

Turtle  nets 

Crab  traps 

Lines,  spears,  etc 

Oyster  tongs 

Live-fish  cars 

Transporting  steamer 

Shore  property 

Cash  capital 


Total 


Corpus  Christi 
Bay. 


No. 


16 
13 


16 
13 


16 
90' 


40 
18 


Value. 


$5,200 
6,100 


240 
130 


2,400 
"280 


40 
260 
180 


17,600 
12,000 


44,330 


Lag^na  Madre  and 
lower  Rio  Grande. 


No. 


2 
3 
1 
2 
3 
6 


20 

6 

12 


4 

4 


Value. 


$260 

450 

300 

18 

25 

92 

200 


60 
72 
3 
100 
25 
20 


500 


2,125 


Total  for  the  Sti 


No. 


110 
189 

12 
234 
288 

14 

114 

12 

10 

316 

206 

87 


397 

212 

1 


Value 


$38,7 

66,2 

1,8 

2,6 

2,8 

1 

15,2 
S 
7 

2,C 

2,C 

2.C 

15,  C 

108.  S 

53.1) 

^315^4 


*  In  addition  to  this  amount  $3,695,  not  elsewhere  enumerated,  ropreeentine  the  value  of 
pxwisions,  etc.,  carried  by  the  veftsela  of  Galveston,  Aransas,  and  Corpus  ChnsU  baya,  is  U 
added  togivp  the  toti^  iAvestineiitN 
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THE  OYSTER  LAW  OF  TEXAS. 

Che  oyster  law  at  present  operative  in  this  State,  and  to  which 
erence  has  been  made  in  the  foregoing  text,  is  as  follows: 

act  for  the  preserration  of  oysters  and  oyster  beds,  and  for  protecting  the  rights  of  persons  to  the 
me,  and  affixing  penalties,  and  providing  locations  for  planting  oysters.  (Laws  of  1891,  ohap- 
r  98.) 

?e  it  enacted  by  the  legislature  of  the  State  of  Texas,  That  oyster  beds  shaU  be  pnb- 
and  private ;  aU  those  not  designated  as  private,  shaU  be  public ;  aU  natural 
iter  beds  and  oyster  ree&  shall  be  deemed  public.  No  person  shall  take  or  catch 
(ters  from  any  public  beds  for  market  or  sale  or  planting  fVom  the  first  day  of 
y  to  the  first  day  of  September  in  any  year.  Any  person  offending  against  the 
^visions  of  this  section  shall  be  deemed  guilty  of  a  misdemeanor  and  upon  con- 
tion  thereof  shall  be  fined  for  each  offense  not  less  than  ten  nor  more  than  fifty 
lars. 

.  When  oysters  are  cuUed  or  selected  from  public  beds,  those  not  wanted  for 
rket  or  sale  or  for  family  use,  shall  be  planted  while  alive,  by  the  person  or  persons 
:ing  them,  on  the  beds  from  which  they  were  taken,  or  some  other  bed,  public  or 
vate,  and  any  person  violatinp^  the  provisions  of  this  section  shaU  bo  guilty  of 
aisdemeanor,  and  upon  conviction  thereof  shall  be  fined  for  each  offense  not  less 
ji  ten  dollars  nor  more  than  fifty  doUars. 

.  Where  any  creek,  bayou,  lake,  or  cove,  not  made  a  navigable  stream  by  the 
rs  of  this  State  or  of  the  United  States,  runs  through  the  lands  of  any  person,  such 
son  or  other  lawful  occupant  shall  have  the  exclusive  right  to  use  said  creek, 
rou,  lake,  or  cove  for  gathering,  planting,  or  sowing  oysters  within  the  metes  and 
mds  of  the  original  grant  or  patent  of  said  land ;  but  if  said  creek,  bayou,  lake, 
30 ve  is  not  included  in  the  survey  of  said  lands,  then  the  exclusive  rights  of  the 
arian  owner  shall  extend  to  the  mindle  of  said  creek,  bayou,  lake,  or  cove. 
.  Any  person  who  is  an  actual  bona  fide  citizen  of  the  State  of  Texas  shaU  have 
)  right  of  obtaining  a  location  for  planting  oysters  and  making  private  oyster 
Is  within  any  public  navigable  waters  of  this  State,  other  than  those  mentioned 
section  3  of  this  act,  by  designating  a  square  space  not  exceeding  five  hundred 
L  thirty-eight  yards  square,  intended  by  him  for  such  purpose,  by  not  less  than 
r  buoys  anchored,  or  four  stakes  firmly  and  permanently  planted,  one  at  each 
ner  of  such  location,  and  by  establishing  posted  notices  of  the  same  on  one  or 
re  of  said  comer  stakes  or  buoys ;  said  stakes  shall  project  at  least  four  feet  above 
inary  tides  and  shaU  be  not  less  than  six  inches  in  diameter  if  of  wood  or  three 
hes  in  diameter  if  of  iron,  and  any  person  so  locating  as  aforesaid  shaU  be  pro- 
ted  in  his  possession  thereof  against  trespass  thereon,  in  like  manner  as  free 
ders  are  protected  in  their  rights  for  a  term  of  fifteen  years  after  filing  with  the 
inty  clerk  his  notice  of  location :  Provided,  That  no  person  shaU  have  the  right  to 
ate  any  of  the  public  oyster  beds  or  oyster  reefs  within  the  public  navigable 
•ters  of  this  State  under  this  act  or  under  any  pre-existing  law.  AU  oyster  loca* 
ns  made  under  this  act  shall  expire  at  the  end  of  fifteen  years  from  the  date  of 
ng  the  notice  of  location  with  the  county  clerk,  and  said  location  shall  then 
^ert  to  the  State,  as  if  the  same  had  never  been  located :  And  provided  further,  That 
person  shaU  locate  any  private  oyster  bed  in  the  public  navigable  waters  of 
8  State  within  one  hundred  yards  of  low-water  mark  of  any  shore  without  the 
isent  of  the  riparian  owner,  said  owner  only  having  that  right,  nor  shall  anyone 
permitted  in  any  wise  to  interfere  with  navigation  by  inclosure  of  said  oyster  beds. 
.  At  any  time  not  exceeding  sixty  days  after  placing  in  position  any  one  or  more  of 
1  comer  posts  or  buoys  upon  one  of  which  shall  be  placed  the  notice  hereinbefore 
uired,  the  locator  shall  file,  with  the  county  clerk  of  the  county  in  which  his  loca- 
1  lies,  a  notioe  of  his  location.  The  same  shall  be  a  notice  to  whom  it  concerns  that 
locator  hM  on  a  certftin  date,  naming  it,  located  a  private  oy«ttAX  \k^  qdl  ^ 
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certain  space,  describing  it  by  such  metes  and  bounds  as  will  suffice  to  looate  it  or 
the  ground  or  water,  and  that  he  has  placed  posts  or  buoys  as  required  by  law.  Ij 
such  notice  be  filed  before  the  four  comers  are  designated  by  posts  or  buoys,  th( 
notice  shall  so  state  and  be  followed  in  sixty  days  by  a  supplementary  notice  aftei 
the  four  comers  are  all  designated  by  posts  or  buoys.  Notices  of  location  shall  ii 
all  cases  state  that  the  location  described  does  not  conflict  with  any  other  priyatt 
bed,  and  that  it  is  not  on  any  public  bed  or  oyster  reef.  The  notices  filed  with  th< 
clerk  as  aforesaid  shall  further  state  that  the  locator  is  a  bona  fide  citizen  of  thi 
State  of  Texas.  It  shall  be  signed  and  sworn  to  by  the  locator  or  his  agent;  th( 
county  clerk  shall  record  such  notices  in  a  Vrell-bound  book  to  be  kept  for  that  pui 
pose,  and  the  original  with  a  certificate  of  registration  returned  to  the  locator.  Th( 
county  clerk  shall  receive  for  his  services  in  recording  such  notices  the  same  fee  a 
is  charged  for  recording  deeds.  The  original  or  certified  copies  from  the  records  sha] 
be  admissible  in  eyidence  imder  the  same  rules  governing  the  admission  of  deeds  o 
certified  copies  thereof.  When  the  location  lies  in  more  than  one  county  the  notic 
shall  be  filed  in  all  the  counties  in  which  the  location  is  situated,  or  otherwise  th 
location  will  be  effective  only  as  to  those  portions  lying  in  the  county  or  countie 
in  which  the  notice  or  notices  are  filed.  Upon  complying  with  the  provisions  of  thi 
act,  the  right  of  the  locator  shall  date  from  the  placing  of  the  first  post  or  buoy.  A] 
oyster  beds  planted,  created,  or  established  in  accordance  with  sections  3  and  4  c 
this  act  shall  be  private  oyster  beds,  and  the  owners  of  the  same  shall  be  entitled  t 
all  the  privileges  and  protection  of  this  act,  after  having  caused  his  claim  to  be  dul 
posted  and  recorded  in  the  county  clerk's  office  as  herein  provided. 

6.  That  it  shall  not  be  lawful  for  any  person  to  plant  or  purchase  oysters  for  plani 
ing,  bedding,  or  depositing,  or  for  marketing  or  for  any  other  purpose  whatevei 
from  the  1st  day  of  May  to  the  1st  day  of  September  in  any  year,  and  if  any  perso; 
shall  violate  the  provisions  of  this  section,  or  either  of  them,  he  shall  be  deeme( 
guilty  of  a  misdemeanor,  and  on  conviction  he  shall  be  fined  for  each  offense  not  lee 
than  ten  nor  more  than  one  hundred  dollars. 

7.  If  any  person  shall  willfully  take  oysters  from  a  private  bed  or  shall  take  oys 
ters  deposited  by  one  making  up  a  cargo  for  market  or  for  family  use  without  th< 
consent  or  permission  of  the  owner  thereof,  he  shall  be  deemed  guilty  of  theft,  and 
upon  conviction  shall  be  fined  in  any  sum  not  less  than  fifty  nor  more  than  two  him- 
dred  dollars,  and  by  confinement  in  the  county  jail  for  a  term  of  not  less  than  twen^ 
days  nor  more  than  twelve  months. 

8.  It  shall  be  unlawful  for  any  person  or  persons  to  rake,  dredge,  or  excavate  Tfitb 
machinery  any  public  oyster  bed  or  oyster  reefs  in  the  waters  of  this  State.  An^ 
person  or  persons  who  shall  violate  the  provisions  of  this  section  shall  on  convictio— 
be  fined  in  any  sum  not  less  than  five  hundred  nor  more  than  one  thousand  dollarvi 
Each  day's  violation  of  any  of  the  provisioos  of  this  section  will  constitute  a  sepan^ 
offense. 

9.  Any  person  who  shall  willfully  deface,  injure,  or  destroy  or  remove  any  post  <3 
buoy,  or  any  part  thereof  used  to  designate  the  comers  or  boundaries  of  any  priv^^ 
oyster  beds  without  the  consent  of  the  owner  of  said  private  oyster  bed,  shall  ^ 
deemed  guilty  of  malicious  mischief  and  punished  accordingly. 

10.  No  person,  firm,  or  corporation  shall  ever  own,  lease,  or  otherwise  control  xaoi^ 
than  six  hundred  and  forty  acres  of  land  covered  with  water,  the  same  being  oys^^ 
locations  in  this  State,  and  any  corporation  that  now  holds  six  hundred  and  fo^y 
acres  or  more  of  such  oyster  locations  shall  not  be  permitted  hereafter  to  acquit' 
own,  lease,  or  otherwise  control  more,  provided  that  no  corporation  shall  owii  ot 
lease,  or  otherwise  control  any  such  land  covered  by  water  unless  such  corporat^^ 
shall  be  duly  incorporated  under  the  laws  of  this  State. 

11.  All  laws  and  parts  of  laws  in  conflict  with  the  provisions  of  this  act  are  herel'y 
repealed. 

12.  [Emergency  clause.] 
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4— A    REVIEW  OF  THE  SPAROID  FISHES  OF  AMERICA  AND 

•EUROPE, 


By  DiTviD  Starr  Jordan  and  Hkrt  Feslkr. 


In  the  present  paper  is  given  a  review  of  the  genera  and  species  of 
Sparidw  (porgies,  snappers,  grants,  etc.)  found  in  the  waters  of  America 
and  Europe.  The  family  of  Sparidas  is  here  provisionally  accepted 
^ivitb  the  limitations  as  given  in  the  "Synopsis  of  the  Fishes  of  North 
America''  (Jordan  &  Gilbert,  1883).  It  is  recognized  as  containing 
those  i)erciform  fishes  which  have  maxillary  and  ventral  sheaths  and 
nvhich  lack  the  peculiarities  of  certain  other  groups.  In  this  sense  the 
family  would  contain  the  Sparidce  and  Pristipomatidce  of  Gunther  or  the 
Sparidce^  Hcemulidce  (PrMipofnatidw),  LutjanidcBj  and  PimelepteridcB,  of 
Dr.  Gill.  While  it  is  evident  that  the  group  as  here  accepted  is  a 
somewhat  heterogeneous  one,  it  is  still  doubtful  what  division  it  should 
undergo  in  order  to  represent  most  faithfully  the  relations  of  its  con- 
stituent pjurts.  For  the  present,  therefore,  we  may  leave  the  group  as 
defined  by  Jordan  &  Gilbert: 

Body  oblong,  or  more  or  less  elevated,  covered  with  moderate-sized,  adherent 
acales,  which  are  more  or  less  strongly  ctenoid  or  almost  cycloid.  Lateral  line  well 
developed,  concurrent  with  the  back,  not  extending  on  the  caudal  fin.  Head  large, 
t-be  crestB  on  the  skull  usually  largely  developed.  No  suborbital  stay;  mouth  mod- 
erate or  large,  usually  terminal,  low,  and  horizontal.  Premaxillaries  protractile ; 
maxillAry  without  supplemental  bone,  for  most  of  its  length  slipping  under  the  edge 
oT  the  preorbital,  which  forms  a  more  or  less  distinct  sheath;  preorbital  usually, 
1>iit  not  always,  broad;  teeth  various  and  variously  placed;  lower  pharyngeals  sep- 
arate ;  g^B,  four,  a  large  slit  behind  the  fourth ;  pseudobranchite  large ;  gill-rakers 
moderate;  gill  membranes  separate,  free  from  the  isthmus;  preopercle  serrate  or 
entire;  opercle  without  spines ;  sides  of  head  usually  scaly ;  dorsal  fin  single,  con- 
-tinaous,  or  deeply  notched,  sometimes  divided  into  two  fins,  the  spines  usually 
f9trong,  depressible  in  a  groove;  the  spines  heteracanthous,  that  is,  alternating,  the 
one  stronger  on  the  right  side,  the  other  on  the  left;  the  spines  10  to  18  in  number; 
aiuil  fin  similar  to  the  soft  dorsal,  and  with  3  spines;  ventral  fins  thoracic,  the  rays 
1,5,  ^ith  a  more  or  less  distinct  scale-like  appendage  at  base;  caudal  fin  usually 
xuore  or  less  concave  behind;  air  bladder  present,  usually  simple;  pyloric  coeca  few 
or  many ;  vertebrae  usually  10-f-14=24,  16-f-18=34  in  one  subfamily. 
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The  family  comprises  about  55  genera  and  some  450  species,  chiefly 
inhabiting  the  shores  of  warm  regions.  All  of  them  are  vadued  as  food 
They  are  known  by  a  great  variety  of  names,  many  of  them  being  varia 
tions  of  the  Greek  Ttdypuq^  which  becomes  Pargus,  Pargo,  Porgie,  Pogy 
etc.  The  names  Snapper  and  Grunt  are  also  applied  to  many  species 
The  group  is  closely  related  to  the  Serrantdce  on  the  one  hand,  the  genu 
Xenisiius  being  very  close  to  the  Berranoid  genus  Kuklia;  on  theothe 
hand,  Scorpis^  KyphosuSj  etc.,  approach  the  Choetodontidw. 

The  mat'erial  on  which  the  present  paper  is  based  is  primarily  tha 
contained  in  the  collection  of  the  Univerliity  of  Indiana.  All  the  ma 
terial  in  the  Museum  of  Comparative  Zoology  has  also  been  examined 
and  much  of  that  in  the  United  States  National  Museum,  as  well  as  thi 
collections  of  the  Leland  Stanford  Junior  University.  A  large  shar 
of  the  material  in  the  British  Museum  and  in  the  Museum  at  Paris  ha 
also  been  carefully  compared. 

The  work  of  preparing  this  review  was  begun  in  1888,  but  the  junioi 
author  having  been  called  away  from  Bloomington  its  completion  wai 
deferred.  Later,  increased  executive  duties  on  the  part  of  both  am 
thors  rendered  its  completion  difficult,  and  it  has  been  thought  best  ti 
publish  it  in  its  present  unfinished  condition  rather  than  to  wait  for : 
time  of  leisure  sufficient  for  its  completion.  It  is  hoped  that  it  ma: 
serve  as  a  basis  for  further  study  in  the  imx>ortant  group  of  which  i 
treats.  In  several  of  the  genera  a  detiiiled  synonymy  of  the  species  i 
not  attempted,  only  an  outline  being  given.  For  purposes  of  compar~ 
son,  the  European  genera  are  included,  and  a  list  of  European  specie 
in  each  genus  is  appended.  The  names  of  genera  not  found  in  America 
are  inclosed  in  brackets  in  the  following  analysis. 

The  Sparidce  of  America  and  Europe  seem  to  fall  naturaUy  in^ 
twelve  well-marked  subfamilies,  which  may  be  thus  compared : 

ANALYSIS  OP  6UBFAMILIR8  OF  SPAltlD.K. 

I.  Camiyoroiis  species;  intestinal  canal  of  moderate  length;  teeth  in  the  jawdO^* 

all  incisor-like ;  vertebne  usually  lO-f-15. 
a.  Spines  of  preuiaxillary  not  extending  to  the  occiput;  the  month  moderate 

protractile. 
h.  Vomer  with  teeth, 
c.  Teeth  in  jaws  unequal,  some  of  them  more  or  less  canine-like.     (No  disti^^ 
tubercles  from  the  cranium  for  the  articulation  of  the  epiph^^ 
geal  bone-s ;  enlarged  apophyses  for  the  articulation  of  pab**^^ 
and  preorbital  bones ;  anterior  four  vertebrse  without  par^l 
physes ;  maxillary  long,  formed  essentially  as  in  the  Serrani^^* 
d.  Nostrils  remote  from  each  other;  the  anterior  tubular,  near  the  end  o^ 
snout;  vomerine  teeth  coarse,  molar;  teeth  in  jaws  large,    ^ 
lateral  teeth  molar ;  (skull  as  in  Lutjanino}) . .  Hoplopagrin^c!^ 
dd.  Nostrils  near  together,  placed  Just  before  eye,  the  anterior  not  tubi9^ 
vomerine  teeth  villiform,  the  patch  A>  '^>  <>'  A  shaped;  teet-^ 
jaws  all  acute ;  no  incisors  or  molars Lutjakiic^^ 

"  See  Gill,  Proc.  U.  S.  Nat.  Mus.  1884,  351. 
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ce.  Teeth  in  Jaws  very  small,  equal;  vomerine  teeth  minute,  in  a  0 -shaped 
patch ;  dorsal  ftn  deeply  divided ;  skull  with  the  temporal  crest 
very  low,  running  straight  forward  to  the  supraorbital  ridge. 

XKSlCnrBYlTXJB,  III. 

Vomer  without  teeth ;  palatines  and  tongue  toothless. 

d.  Teeth  on  sides  of  jaws  not  molar;  maxillaries  formed  essentially  as  in  the 

Setranidtie. 

e.  Teeth  subequal,  or  those  of  the  outer  series  more  or  less  enlarged;  no 

strong  canines;  preopercle  more  or  less  serrate,  rarely  entire; 

air  bladder  not  constricted H^MULiNiE,  IV. 

M.  Teeth  very  unequal,  one  or  both  Jaws  with  strong  canines;  preopercle 

entire;  dorsal  continuous Denticik^,  V. 

dd.  Teeth  on  sides  of  Jaws  molar;  maxillaries  peculiar  in  form  and  in  artic^ 
ulation,  unlike  those  of  the  Serranidw. 
/.  Anterior  teeth  conical,  or  else  more  or  less  incisor-like ;  preopercle 
entire;  dorsal  fin  continuous ;  preorbital  broad...  Spaaing,  VI. 
ff.  Anterior  teeth  as  well  as  lateral  teeth  molar-like ;  preopercle  dentic- 
ulate ;  dorsal  fin  divided  into  two ;  preorbital  narrow. 

BORIDIIXiE,  VII. 
A«    Spines  of  premaxillary  extending  backward  to  the  occiput,  so  that  the  mouth 

is  excessively  protractilp,  as  in  the  genus  Gerrea;  teeth  in  jaws 
small  or  wanting;  vomer  with  minute  teeth  or  none;  dorsal  fin 
continuous  or  deeply  notched;  preorbital  narrow;  preopercle 

entire MiENiNjE,  VIII. 

'   Berbivorons  species;  intestinal  canal  elongate;  anterior  teeth  in  jaws  incisor* 

like;  no  molars  or  canines;  premaxillaries  moderately  pro« 
tractile. 
g.  Lower  rays  of  pectorals  branched  like  the  upper;   air  bladder 
usually  with  two  long  horns ;  vertebra)  24  to  27 ;  dorsal  spines, 
10  to  14. 
h.  Pyloric  cobca  few ;  teeth  fixed ;  vertical  fins  not  scaly ;  no  teeth 

on  vomer Scatharin^,  IX. 

hk.  Pyloric  coeca  very  numerous. 
i.  Soft  part  of  dorsal  and  anal  fins  naked  or  partly  scaled ;  head 
more  or  less  naked ;  teeth  in  broad  bands,  all  freely  movable, 

none  on  vomer GiREixiNiE,  X. 

it.  Soft  parts  of  vertical  fins  closely  scaly;  teeth  more  or  less 

fixed,  usually  present  on  vomer Kyphosin-*:,  XI. 

gg.  Lower  rays  of  pectorals  simple ;  vcrtebroo  in  increased  number 
(about  34) ;  dorsal  fiu  long ;  the  anterior  part  with  15  to  17  spines^ 
the  posterior  with  18  to  20  soft  rays;  anterior  teeth  incisor- 
like; vomer  with  or  without  teeth;  scales  very  small;  pyloric 
cceca  2  to  4 Aplodactylin^,  XII. 

^f  these  subfamilies,  the  HopUypagrinas^  Xenichthyince,  and  Baridiinac^ 
^^  exclusively  American.  The  Denticinw  and  Scatharince  are  confined 
^  tbe  Old  World. 
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ANALYSIS  OF  ELKOPKAN   AND  AMKiaCAN   GENEIIA   OF  SPARIDiE. 

Subfamily  I.— HoPLOPAGRiNiE. 

(SpafHdw  with  the  anterior  nostrils  tubular,  at  the  end  of  the  snout) 

Anterior  nostril  remote  from  the  other,  close  to  the  premaxillai'y,  in  the  end  ^^^^ 

barbel  or  tube;  vomer  with  a  few  molar  teeth;  teeth  of  jaws  coarse  and  blunts 
lateral  teeth  molar;  dorsal  spines  continuous  with  the  soft  rays,  which  are  sea 
base;  intestinal  canal  short;  skull  and  general  anatomy eteentially  as  \nLuij\ 
One  genus^  in  the  eastern  PaciHc. 

a.  Vomer,  with  about  three  coarse  molar  teeth;  dorsal  spines  10;  scale«  1 
gill-rakers  few ;  tongue  and  palatines  toothless;  lower  pharyngeals  ua 
with  small  conical  teeth Hoplopagru 

Subfamily  II. — Lutjanin^. 

(Sparido!  with  pointed  teeth  only,  some  of  them  canine-like,  and  with 

Tilliform  teeth  on  the  vomer.) 

Nostrils  normal ;  teeth  in  jaws  all  pointed,  some  of  these  teeth  larger  than  oth<^^^^/ 
forming  more  or  less  distinct  canines ;  vomer  and  palatines  with  villiform  teo  ^^t 
lower  pharyngeals  narrow,  with  slender  teeth;  no  ''distinct  tubercles  from    "^"^ 
cranium  for  the  articulation  with  the  upper  pharyngeals ;  enlarged  apophyses 
articulation  with  the  palatines  and  preorbitals ;  anterior  vert^brse  without 
pophyses.''  (Gill,)    Scales  large;  dorsal  fin  single  or  divided;  intestinal  canal sbox^ 
with  few  coeca. 

Species  numerous  in  all  tropical  seas,  the  vast  majority  of  them  referable  to 
typical  genus,  Lutjanua.    Several  of  them  occur  at  considerable  depths,  and 
(  Verilus  sardidus)  is  a  true  deop>water  fish.    The  fishes  of  the  group  present  80»*** 
analogies  to  the  Serratiidw. 

a.  Interorbital  area  not  flat  nor  separated  from  the  occipital  region,  the  med.t'^ 
and  lateral  crests  procurrent  on  it,  and  the  frontal  narrowed  forwa*^' 
dorsal  fin  continuous,  the  spines  not  separated  by  a  notch  from  '^^ 
soft  rays. 

h.  Prefrontals,  with  the  articular  facets  arising  from  diverging  V-shaped  rid^^^^ 
basi-sphenoid,  with  an  anterior  lobiform  extension;   soft  dorsal   ^^^v 
nnal  scaly ;  dorsal  spines  10  or  11  (in  American  species) ;  tongue  ^^ 
teeth  (at  least  in  adult  specimens).  i 

c.  Fronto-occipital  crest  ceasing  anteriorly  far  from  front  of  frontal ;  prefrc^*^  -  . 
with  post^^rior  areas  impressed,  lougand  cribriform ;  no  pterygoid  te>^     J 

caudal  fin  lunate;  gill-rakers  rather  few,  shortish Lutjani?^^',  ^ 

cc.  Fronto-occipital  crest  continued  on  ethmoidal  projection;  prefrontals  %?•'''  -^ 
posterior  areas  short  and  excavated  above  and  in  front;  ptery^^  ^^ 
teeth  i)resent  (in  the  adult)  in  a  narrow  band;  caudal  fin  very  de^^^  ^ 
forked ;  gill-rakers  numerons,  rather  long Ocyuru^^  \ 

hb.  Prefrontals  with  the  articular  facets  developed  from  simple  tubercles 
not  V-shaped;  basi-splienoid  not  lobigerous;  canines  small;  soft: 
of  dorsal  10  or  11. 
d.  Prefrontals  with  the  posterior  are  ascribriform ;  pterygoid  with  a  br^ 
patch  of  teeth  (in  adult) ;  hyoid  bones  and  tongue  with  teeth;  can! 
very  small  or  obsolete ;  dorsal  spines  12  (or  13) ;  soft  dorsal  and  a^ 
somewhat  scaled ;  top  of  head  scaled  to  before  middle  of  eye ; 
rakers  numerous Rhomboplites^ 
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f.  Prefrontjils  with  the  posterior  areas  solid  and  somewhat  tumid ;  ptery- 
goids, hyoid  bone,  and  tongue  toothless;  dorsal  spines  10;  soft  dorsal 
and  anal  scaleless Apsilus,  5. 

Torbital  area  flat,  separated  by  a  transverse  line  of  demarcation  from  the 
occipital,  by  which  the  median  as  well  as  the  lateral  crests  are  limited ; 
frontals  wide  in  front;  tongue  and  pterygoids  toothless;  soft  rays  of 
dorsal  10  or  11. 

e.  Dorsal  tin    continnous;  frontals  not  cavernous;  supraorbital  margin 
crenate;  periotic  region  much  swollen  ontwards  and  with  the  bones 
thin  and  polished ;  preorbital  moderate ;  frontals  behind,  with  funnel- 
shaped  foramina;  ^oft  dorsal  and  anal  scaleless;  last  rays  of  dotsal 
•    and  anal  produced Aprion,  6. 

et.  Dorsal  nearly  or  quite  divided  into  two  fins  by  a  deep  notch;  eyes  very 
large;  preorbital  very  narrow. 
/.  Frontals  not  cavernous,  simply  normally  perforate;  supraorbital  mar- 
gins crenate;  periotic  region  little  convex  and  with  Iho  bones  thick, 
nnpolished;  prefrontals  behind,  with  funnel-shaped  foramina;  body 
comparatively  elongate;  head  naked  above  and  on  snout;  soft  dorsal 
and  anal  naked;  peritoneum  and  lining  of  gill-cavity  pale;  caudal 

deeply  forked ;  color  crimson Etelis,  7. 

ff,  Frontals  cavernous  (like  those  of  Scicmoids),  with  longitudinal,  osse- 
ous bars,  leaving  interspaces  in  front  of  transverse  ridge  and  on  each 
side  near  the  front ;  supraorbital  margins  smooth;  prefrontals  behind, 
with  simple  foramina  for  olfactory  nerves;  body  comparatively  short 
and  deep;  head  scaly  above  and  on  jaws  and  %nout;  soft  dorsal  and 
anal  scaly  at  base;  peritoneum  and  lining  of  gill-cavity  black;  caudal 
lunate.     Deep-water  spccicH,  blackish-purple  in  color Vekilus,  8. 

Subfamily  III.— XENicnTHYiNJ-:. 

irUhVj  with  minute  subequal  teeth  on  jaws  and  vomer;  none  on  pala- 
tines; and  with  the  upper  jaw  moderately  protractile.) 

nipressed,  covered  with  small,  thin,  ctenoid,  silvery  scales;  top  of  head, 
ercles,  part  of  preorbital  and  crown  scaly;  mouth  small,  oblique,  with 
irvcd  teeth  in  jaws;  preorbital  narrow;  a  rhomboid  patch  of  small  to^th 

few  teeth  or  none  on  the  tongue  and  palatines;  gill-rakers  long  and  sleu- 
1  fins  nearly  separate,  the  anterior  of  slender  spines;  the  soft  rays  scaly. 

canal  short;  the  p^'loric  ccrca  not  examined.     Skull  not  studied,  the 
^picuous,  the  temporal  running  forward  to  join  the  supraoccipital. 
jhes,  the  species  few,  confined  to  the  eastern  Pacific,  where  three  genera 
I.    They  show  many  resemblances  to  the  Serrdnidw,  especially  to  the  genns 

il  rays,  x  or  xi-i,  12  or  13,  the  spinous  p^irt  of  the  fin  at  least  half  longer 

than  soft  part;  anal  rays,  iii,  10  or  11. 
real  fina  entirely  separated,  interval  between  them  four-fifths  of  eye;  the 

spinous  dorsal  half  longer  than  soft;  nostrils  small,  close  together. 

Xenocys,  9. 
jrsal  fins  connected  at  liase,  the  spinous  part  about  double  length  of  soft 

part Xenistius,  10. 

sal  rays,  xi-i,  18  or  19,  the  soft  part  longer  than  the  spinous  part;  anal 

rays  about  iii,  18 Xenichtuys,  11. 
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Subfamily  IV.— H^MULiNiE. 

{Sparitia'  with  the  teeth  all  pointed,  none  on  vomer  or  palatines ;  without 
Htrong  canines,  the  prcmaxillaries  not  greatly  protractile,  the 
maxillaries  serraniue,  and  the  air  bladder  simple.) 

Body  generally  oblong,  compressed,  covered  with  large  or  small  scales;  jawsw 
bands  of  teeth,  the  outer  series  of  which  are  often  enlarged,  but  not  so  as  to  fo; 
specialized  canines;  no  teeth  on  vomer,  palatines,  or  tongue;  preopercle  usually 
rate,  the  serrse  rarely  obsolete ;  dorsal  fin  continuous.    Intestinal  canal  short,  wi 
few  pyloric  coBca. 

Shore  fishes  of  the  warm  seas,  the  majority  of  the  numerous  species  America:^ 
llie  fishes  of  this  group  present  nuruerous  resemblances  to  the  Sciamida,  in  whi 
family  they  were  placed  by  Cuvier 

a.  Chin  with  a  central  groove  behind  the  symphysis  of  the  lower  jaw. 
h.  Month  more  or  less  wide,  the  lips  scarlet  in  life  posteriorly;  soft  parts 

vertical  fins  densely  scaly  to  their  margins HiEMULON, 

66.  Mouth  more  or  less  narrow ;  soft  fins  naked  or  with  scales  on  their  b 
parts, 
c.  Anal  fin  short,  it«  rays  ili,7  to  iii,10;  dorsal  fin  more  or  less  emarginate,  i' — 
spines  rather  robust. 
d.  Body  ovate,  the  back  elevated;  depth  greater  than  length  of  the  hea4-:=: 


V 


:X 


outer  tei'tli  of  upper  jaw  enlarged;  lips  thick;  second  anal  spii  ^  « 

strong;  soft  rays  of  dorsal  and  anal  scaly  at  base..  Anisotremus,  1 
dd.  Body  oblong,  the  depth  usually  less  than  length  of  head ;  lips  not  vei 
thick. 
e.  Preopercle  very  sharply  serrate,  the  serrse  at  angle  much  enlai 

tlioso  below  angle  turned  forward;  outer  teeth  in  both  jawscoa 
siderably  enlarged;  soft  rays  of  dorsal  and  anal  more  or  less  scal^ 

second  anal  spine  enlarged Conodon,  L 

ee.  l^eopercle  finely  serrate,  the  serrse  at  the  angle  scarcely  enlarged,  tbi 
below  not  antrorse ;  teeth  subequal,  or  the  outer  in  upper  jaw  soi 

what  enlarged ;  gill-rakers  very  short  and  weak Pomadasls,  l^ 

cc.  Anal  fin  long  and  ]ow,  its  rays  iii,10  to  iii,13;  dorsal  fin  low,  scarce 

cmarginate;  anal  spines  small;  preopercle  finely  serrate  or  entli — -^13  ; 
outer  teeth  of  jaws  scarcelji  enlarged;  gill-rakers  moderate,  ratlM. 

slender Okthopkistis,  ^ 

aa.  Chin  with  pores  but  with  no  central  groove  at  the  symphysis;  soft  rays 
vertical  fins  naked  or  partly  scaled;  preopercle  finely  serrate. 
/.  Anterior  profile  parabolic  or  nearly  straight;  teeth  small,  the  oa' 
usually  more  or  less  enlarged ;  gill-rakers  slender  and  comparativ* 
long.     (Appearance  of  OrihopHatia^) 
(J,  Anal  fin  long,  with  10  to  13  soft  rays;  dorsal  fin  deeply  notcU< 
soft  dorsal  and  anal  naked,  with  no  distinct  sheath  at  base. 

ISACIA., 

gg.  Anal  fin  short,  with  seven  soft  rays ;  dorsal  fin  low  and  scar' 
cmarginate ;  soft  dorsal  and  anal  more  or  less  densely  scaly.  ^^  1 

[Parapristipoma,  ^^     ^^ 
ff.  Anterior  profile  concave  above  the  eye ;  snout  gibbous;  outer  teet  ^^-^,  ^. 
both  jaws  enlarged  and  blunt  (appearance  of  AnisotretMu);     ^^ 
rakers  small  and  slender Gknyatbemus-;^ 
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Subfamily  V.— DENTiciN-as.  ^ 

(Sparida  with  caniDes  in  one  or  both  jaws  and  with  no  iuclBora  nor 

molars  nor  teeth  on  the  vomer.) 


oblong;  jaws  with  conical  teeth  only,  some  of  them,  at  least  in  upper  ja^, 
'^ed  and  canine-like ;  no  teeth  on  vomer,  palatines,  or  tongue ;  upper  jaw  modeti 
protractile;  dorsal  continuous,  its  soft  rays  naked;  intestine  short,  with  feM 
r  lor-ic  ccpca ;  preopercle  entire ;  preorbital  broad.  Genera  6  or  7 ;  species  numerous, 
lieM  jv  of  the  seas  of  the  Old  World,  the  group  apparently  forming  a  transition 
'^•he  Luijanina  to  the  Sparinee, 

IDoraal  spines  11  or  12  (rarely  10),  scales  rather  small,  those  on  cheek  in  more 
than  3  rows;  those  in  lateral  line  about  60;  mouth  large,  the  lower 
jaw  projecting [Dentex,  20.] 

Dorsal  spines  10;  scales  rather  large,  those  on  cheek  usually  in  3  rows;  those 
in  the  lateral  line  about  50;  mouth  moderate,  the  jaw  subequal, 
dorsal  or  caudal  fins  often  filamentous Nehipterus,  21. 

Subfamily  VI.  — Sparinae. 
{Sp^M-w^dof  with  the  anterior  teeth  conical  or  incisor-like,  the  lateral  teeth  molar.) 

^o^^r  oblong  or  elevated,  with  rather  large  scales;  mouth  small,  the  premaxillary 
littlo  protractile;  front  of  jaws  with  conical  or  incisor -like  teeth,  side  of  jaws  with 
two  «>Y  more  series  of  rounded  molars;  no  teeth  on  vomer,  palatines,  or  tongue; 
niaxill^iry  short,  peculiar  in  form  and  in  articulation;  dorsal  fin  continuous;  poste- 
rior aacistril  largest,  and  more  or  less  oblong  or  slit-like.  Intestinal  canal  short,  with 
'^^  l>yloric  cceca. 

^^ov-e  fishes  of  the  tropical  seas,  especially  abundant  in  the  West  Indies  and  in  the 
^'^^literranean. 

^*   ^«cond  interhffimal  bone  enlarged,  hollowed  anteriorly,  or  pen-shaped,  receiving 

the  i>osterior  end  of  the  air  bladder  in  its  anterior  groove ;  posterior 

nostril  slit-like ;  cheeks  scaly. 

f    ^-    Front  teeth  narrow,  compressed,  forming  lanceolate  incisors;  the  first  sxune- 

\  bearing  intemeural  with  an  antrorse  spine ;  temporal  crest  obsolete ; 

i  lateral  crest   nowhere  coalescing    with  the    supraoccipital  crest; 

\,  interorbital  area  flattish,  with  two  low  ridges;  a  small  foramen  in 

]  each  of  these  above  front  of  pupil;  interorbital  area  much  con- 

I  tracted  anteriorly ;  a  strongly  projecting  prefrontal  process  which 

I  makes  an  acute  angle  with  the  supraorbital Stenotomus,  22. 

^^«  Front  teeth  conical  or  canine-like;  first  spine-bearing  interneural  without 
I  antrorse  spine;   temporal    crest  very  thin  and  high,  joining   the 

lateral  crest  which  forms  part  of  the  margin  of  orbit  above  middle 
'  of  eye,  both  crests  coalescing  with  the  supraoccipital  in  the  cavern- 

ous anterior  part  of  the  int-erorbital  area;  interorbital  area  some- 
'  what  contracted  anteriorly ;  prefrontal  process  very' strong,  making 
t  an  obtuse  angle  with  the  supraorbital ;  this  process  forming  a  con- 

\  spicuous  knob  above  the  long  posterior  nostril Calamus,  23. 

deeond  interhiemal  spine  normal,  not ''  pen-shaped; "  cheeks  scaly. 
«.  Front  teeth  conic,  not  compressed;  no  incisors;  occipital  crest  coalescent 
t  with  the  temporal  crests;   no  antrorse  spine  on  first  intemeural; 

'  dorsal  spines  usually  11  to  13. 

d.  Anterior  teeth  in  both  jaws  strong,  decidedly  canine-like;  body  more  or 

less  deep  and  compressed Sparus,  24. 

dd.  Anterior  teeth  in  both  jaws  card i form  and  not  canine-like ;  body  oblong 
or  elongate \)^kJ(nL\AA3^^'&b:\ 
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cc.  Front  teeth  incisor-like;  no  canines. 

e.  Incisors  broad ;  molars  in  2  to  4  series  in  each  jaw. 
/.  First  spine-bearing  jnternenral  with  an  antrorse  spine  in  front. 
g.  Supraoccipital  and  temporal  crests  nowhere  coalescent,  the  inter- 
orbital  area  not  swollen ;  frontal  bone  in  the  interorbital  area  thin, 
concave  in  trannverso  section;  temporal  crest  low,  separated  from 
supraoccipital  crest  by  a  flattiah  area  which  extends  forward  on  each 
side  of  supraoccipital  crest  and  to  groove  of  premaxillary  spines. 

(Incisors  conspicuously,  uotched.) Laqodon,  26. 

gg.  Supraoccipital  and  temporal  crests  coalescent  ant-eriorly,  both  dis- 
appearing in  the  gibbous  interorbital  area;  frontal  bone  between 
eyes  transversely  convex  and  more  or  less  honeycombed ;  temporal 
crest  separated  from  occipital  crest  by  an  excavated  area,  bounded 
anteriorly  by  the  lateral  crest,  which  merges  into  the  supraoccipital 
above  eye.    (Incisors  entire  or  with  a  shallow  notch.) 

Archosargus,  27. 
ff.  First  spine-bearing  intemenral  without  antrorse  spine  above;  sknll 
essentially  as  in  Archo9argu9,  the  frontal  bone  more  cavernous. 

DiPLODUS,  28. 

«e.  Incisors  narrow;  molars  in  a  single  series  in  each  jaw;  no  antrorae 

interneural  spine ;  ^uout  produced [Charax,  29.] 

Subfamily  VII.— Boridiin^. 

{Sparidcd  with  molar  teeth  only,  none  on  the  vomer  or  palatincss.) 

Body  rather  elongate,  covered  with  moderate  scales ;  month  small ;  each  jaw  with 
two  or  three  rows  of  coarse  molar  teeth;  no  teeth  on  vomer,  palatines,  or  tongue; 
nostrils  roundish,  subequal  near  eye ;  dorsal  fin  divided  almost  to  base,  the  spines 
high ;  preopercle  serrulate.    A  siugle  genus  found  on  the  coast  of  Brazil. 

a.  Short  snout ;  preorbital  narrow ;  dorsal  spines,  12;  anal  fin  small ;  caudal  forked. 

BORIDIA,  90. 

Subfamily  YIII.— MiENiN^E. 

{Sparida  with  the  preuiaxillaries  greatly  protractile,  their   spines 

extending  backward  to  the  occiput.) 

Body  oblong  or  elongate,  covered  with  moderate  or  small  ciliated  scales ;  month 
iiimlerate  or  small,  extremely  protractile,  tlie  spines  of  the  premaxillaries  extending 
backward  to  the  occiput;  teeth  small  or  wanting;  dorsal  continuous  or  divided,  the 
8pines  very  slender;  i^reopercle  entire;  intestine  short,  with  few  pyloric  coeca. 

Shore  fishes,  chiefly  of  the  Old  World.  In  the  form  of  the  mouth  they  present 
analogies  to  the  Gei'ridw. 

a.  JawH  with  teeth;  dorsal  spines  very  feeble. 
6.  Vomer  with  minute  teeth;  body  oblong,  compressed;  dorsal  fin  continuous, 

its  rays  xi,  11 [M^na,  31.] 

bb.  Vomer  without  teeth, 
c.  Dorsal  fin  with  it«  outline  nearly  continuous,  its  rays  xi^  11 ;  body  com- 
pressed ;  scales  moderate,  60  to  70 [Spicara,  32.] 

cc.  Dorsal  fin  divided  to  base,  its  rays  xiii,  9 ;  body  subcylindrical ;  scales  very 

small  (aibout  90) [Centracakthus,  33.] 

aa.  Jaws  toothless;  dorsal  fins,  2;  the  spines  very  slender,  abont  13  in  number; 
body  elongate;  lower  pharyngeals  with  cardiform  teeth. 

Erythrichthys,  34. 
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Subfamily  IX.— ScATHARiNJi:. 

(Herbivorous  Spandw  with  fixed  incisor  teeth  in  tlio  front  of  the  jaws 
only;  no  molars,  no  teeth  on  the  vomer  or  palatines;  the 
pyloric  coica  few  in  number  and  the  vertical  fins  not  scaly.) 

Body  oblong  or  elevated,  with  scales  of  moderate  or  rather  small  si-ze.  Mouth 
moderate,  with  immovable  incisor  teeth  in  the  front  of  the  jaws,  no  molar  teeth, 
and  with  no  teeth  on  vomer,  palatines,  or  tongue;  lower  rays  of  pectoral  branched; 
vertical  fins  naked ;  intestinal  canal  elongate,  with  few  jiyloric  crcca.  Air  bladder 
iiftually  with  two  posterior  horns. 

Herbivorous  shore  fishes,  the  numerous  species  nearly  all  confined  to  the  waters  of 
the  eastern  Atlantic. 

a.  Pyloric  ccpca  few  (about  4);  teeth  fixed;  cheeks  and  opercles  scaly;  vertical 
tins  naked. 
h.  Incisor  teeth  broad,  in  a  single  series,  with  no  cardiform  teeth  behind  them, 
c.  Incisor  teeth  broad,  notched  at  tip. 

d.  Incisor  teeth  with  no  other  teeth  behind  them. 
e.  Body  elongate,  subcylindrical ;  dorsal  spines  14  or  15,  eyes  large. 

[Box,  35.] 

ec.  Body  oblong,  compressed;  dorsal  spines  11;  eyes  small..  .[Boops,  36.] 

dd.  Incisor  teeth  with  a  band  of  small  granular  teeth  behind  them;  a  series 

of  pointed  teeth  on  sides  of  jaws;  body  oblong,  ovate,  compressed; 

dorsal  rays  xi,  14 [Oblada,  37.] 

cc.  Incisor  teeth  lanceolate,  with  no  other  teeth  behind  them ;  body  oblong, 

compressed ;  dorsal  rays  xi,  1 1 [Scatharus,  38.] 

bb.  Incisors  narrow,  lanceolate,  with  a  band  of  cardiform  teeth  behind  them; 
body  oblong,  ovate,  compressed;  dorsal  spines  10  or  11. 

[Spondtliosoma,  39.] 

Subfamily  X. — GiRKLLiNiE. 

(Herbivorous  Sparidce  with  a  band  of  movable  incisor  teeth  in  front  of 
each  jaw;  no  molars;  few  teeth  if  any  on  palatines;  the 
opercles  scaleless;  the  pyloric  cceca  very  numerous  and  the 
dorsal  not  closely  scaled. ) 

Body  oblong,  with  scales  of  moderate  or  small  size;  month  mo<lerate,  with  mov- 
able incisor  teeth  in  a  band  in  the  front  of  eaeh  jaw;  no  teeth  on  vomer  or  tongue, 
sometimes  a  few  teeth  on  palatines;  all  rays  of  pectoral  branched;  dorsal  and  anal 
scaly  at  base.    Intestinal  canal  elongate,  with  many  pyloric  cteca. 

Herbivorons  shoro  fishes,  found  only  in  the  Pacific  Ocean. 

a.  Incisors  all  tricuspid, 
ft.  Dorsal  spines  14  or  15;   each  jaw  with  a  series  of  flat,  movable,  tricuspid 

incisors,  behind  which  is  a  broad  band  of  similar  smaller  ones; 

dorsal  continuous,  its  spines  low Girella,  10. 

bb.  Dorsiil  spines  12  or  13;  **m  both  jaws  series  of  flat  tricuspid  teeth,  behind 

which  is  a  band  of  similar  teeth, ^ess  developed  and  replacing  the 

former ; "  soft  dorsal  and  anal  elevated Do ypixopon,  4 1 . 
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^  Subfamily  XI. — Kyphosinae. 

(Herbivorous  Sparida:,  with  incisor-like  teeth  in  the  jaws,  no  molar 
teeth,  and  with  the  soft  rays  of  vertical  ilus  densely  scaly; 
intestinal  canal  long  with  many  pyloric  co^ca.) 

Body  oblong  or  ovate,  compressed,  covered  with  small  scales;  similar  scales  envel- 
oping soft  parts  of  vertical  tins  and  more  or  less  encroaching  on  the  head;  month 
small,  with  the  anterior  teeth  more  or  less  incisor-like ;  no  molars ;  villifomi  teeth  on 
palatines  and  usnally  on  vomer  and  tongue;  preorbital  narrow.  Intestinal  canal 
very  long,  with  numerous  pyloric  ccpca. 

Herbivorous  shore  fishes,  chiefly  of  the  Pacific  Ocean. 

a.  Top  of  head  as  far  back  as  posterior  margin  of  eyes  naked ;  incisor  teeth  narrow, 
equal,  roundel],  with  no  smaller  teeth  behind  them;  no  t«eth  on 
vomer  or  tongue;  spinous  dorsal  much  longer  than  soft  dorsal;  soft 

anal  higher  and  shorter  than  soft  dorsal Hermosilla,  ^• 

aa.  Top  of  head  as  well  as  sides  and  jaws  closely  scaled ;  broad  bands  of  teeth 
behind  the  incisors;  villiform  teeth  on  vomer,  palatines,  and  tongti^i 
dorsal  spines  low ;  incisor  teeth  lanceolate. 
h.  Incisor  teeth  strong,  with  horizontal,  backward-projecting  roots ;  soft  dore»^ 

and  anal  not  elevated Ktpuosus,  ^ 

66.  Incisor  teeth  very  nsirrow,  withont  evident  roots. 
0.  Anal  fin  short.,  3|  in  length  of  bmly,  its  rays  iii,  19;  dorsal  spines  gradus*^^ 
increiising  in  height  to  the  sixth,  then  decreasing  backward;  0^" 
dorsal  and  anal  not  falcate ;  preopercle  slightly  serrate ;  teeth  t^  ^^\ 

row  but  evidently  compressed Medi aluna, 

00.  Anal  fin  long,  2|  in  length  of  body,  its  rays  about  iii,  25;  dorsal  spi 
graduated,  increasing  in  height  to  the  last;  soft  dorsal  and  anal 
falcate;  teeth  cylindrical  (f) CiESiosoMA, 

# 

Subfamily  XII. — APLODACTYUNiE. 

(Herbivorous  SparidWf  with  the  vertebrro  and  dorsal  rays  iu  increased 
number,  the  lower  pectoral  rays  simple,  not  branched;  jaws 
with  fiat  incisor  teeth  in  front,  and  no  molar  teeth;  the  fins 
separate.) 

Body  oblong,  compressed,  with  very  small  scales;  cheeks  and  opercles  scal^ 
mouth  small,  little  protractile;  jaws  with  one  or  more  series  of  fiat  incisors,  whicl  '^ 
are  usually  3  to  5  cuspid ;  a  baud  of  small  cardiform  teetli  behind  these  in  th»  ^ 
upper  jaw;  teeth  sometimes  present  on  the  vomer;  opercles  unarmed;  cheek  anc^* 
opercles  sculy ;  six  lower  rays  of  pectoral  simple;  dorsal  fins  separate,  both  ver^^ 
long,  the  first  of  1.5  to  18  spines,  the  second  of  18  to  21  soft  rays;  anal  lin  short;  ' 
vertical  fins  scaly  at  base;  intestines  long,  with  2  to  4  pyloric  ccsca ;  vertebrffi  ii^^ 
increased  number  (said  to  l>e  164-18  =  34  in  ApJodactylus  arctidens). 

Species  few,  inhabiting    the   South  Temperate    zone  of  the  Pacific  Ocean,  the^ 
increased  number  of  vertebra)  apparently  according  with  their  dwelling  in  cooler  ^ 
waters.    The  species  are  referred  to  a  single  genus,  which  resembles  Girella  in  the   ^ 
form  of  the  head  and  in  dentition,  but  differs  in  the  technical  characters  mentioned 
above. 

a.  Pectoral  with  6  simple  rays ;  dorsal  spines  15  to  17 Aplopactylus^  46. 
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Subfamily  I.— HOPLOPAGRIN^. 
I.  H0PL0PA0RU8. 

ZoplopagruB  Gill,  Proc.  Ao.  Nat.  Sci.  Phila.  1862,  253  (GuntheH). 

Tyi)e :  Hojplopagrus  giintheri  Gill. 

Etymology:  o-^ov,  singular  of  o;r^a,  arms,  armor;  ?ra^/>o?,  porgy. 

One  species  of  this  remarkable  generic  type  is  known.  With  a  close 
^semblance  in  nearly  all  respects  to  L.  caxis^  and  other  ordinary 
^-utjaniy  it  strikingly  differs  in  the  structure  of  the  nostrils  and  in  the 
Lentition  from  all  other  fishes  of  this  type. 

ANALYSIS   OF   SPECIES   OF   HOPLOPAGRUS. 

-  Pody  oblong-ovate,  short,  deoj),  and  compressed,  the  back  arched,  t'ae  body  ab- 
ruptly contracted  to  the  base  of  the  short  caadal  peduncle ;  anterior  profile  slightly 
and  evenly  convex.  Snout  rather  long  and  pointed,  its  length  2^  in  head ;  mouth 
small,  the  maxillary  scarcely  reaching  to  front  of  orbit,  its  length  2}  to  3  in 
head;  teeth  in  jaws  arranged  as  in  the  Lutjanij  but  coarse  and  blunt,  the  lat- 
eral teeth  of  both  jaws  rounded  and  molar-like,  more  blunt  in  large  examples; 
upper  jaw  with  about  2  coarse,  rather  long  canines;  vomer  ^vith  about  8  to  5 
coarse  molar  teeth;  palatines  and  tongue«, toothless ;  lower  jaw  rather  weak, 
included ;  anterior  nostril  at  the  extreme  front  of  the  snout,  close  to  thepremax- 
illary,  in  the  extremity  of  a  barbel-like  tube  which  hangs  down  above  the  mouth 
and  is  nearly  as  long  as  the  eye;  posterior  nostril  a. rather  long  and  narrow 
oblique  slit,  near  the  front  of  the  eye ;  eye  small,  near  the  middle  of  the  length 
of  the  head,  4^  in  head  (young) ;  interorbital  space  rather  broad  and  convex,  its 
width  4i  in  head ;  preorbital  broad,  its  least  width  3i  to  4^  in  head ;  vertical 
limb  of  preopercle  oblique,  sharply  serrate,  the  teeth  rather  fine  above,  coarse 
at  the  angle;  emargination  of  preopercle  sharp  and  deep,  more  conspicuous  than 
in  most  species  of  LutjanuSf  the  knob  of  interopercle  conspicuous;  gill-rakers 
few  and  short,  about  7  developed  on  lower  part  of  anterior  arch,  besides  sev- 
eral rudiments;  opcrcle  without,  spinous  projections;  scapular  scale  serrate. 
Temporal  crest  of  skull  very  short,  coalescing  with  the  orbital  rim.  Scales 
rather  small,  regularly  arranged,  those  above  lateral  line  in  series  which  are 
throughout  parallel  with  the  lateral  line;  those  below  in  horizontal  serien;  tem- 
poral region  with  a  band  of  one  or  twosericH  of  l:irg»  scales;  cheeks  with  about 
Trows  of  scales;  top  of  head  naked.  Dorsal  spines  rather  low  and  strong,  the 
fin  somewhat  deeply  emarginate;  soft  dorsal  high,  angular,  and  pointed  in  out- 
line, the  last  ray  not  two-fifths  the  height  of  the  middle  ones,  which  are  2  in 
head;  caudal  short,  feebly  Innate,  the  upper  lobe  If  in  head;  anal  high  and 
pointed,  the  middle  rays  reaching  base  of  caudal,  a  little  more  than  half  length 
of  head;  anal  spines  strong,  the  second  longer  and  stronger  than  third,  2f  in 
head;  pectoral  long,  3  in  body;  ventral  1^.  Color  olive  brown,  body  with  about 
six  rather  conspicuous  narrow  whitish  crossbands,  extending  a  little  obliquely 
backward,  and  broadest  below,  irregular  in  number  and  width ;  a  round,  dusky 
blotch  near  base  of  last  rays  of  soft  dorsal ;  fius  mostly  dusky  olive,  the  pector.'ils 
pale,  veutrals  and  anal  darkest;  top  of  head  with  sonu)  small  dark  spots.  Head., 
2f  in  len^h ;  depth,  2J.    D.  X,  14 ;  A.  in,  9.,    gcales  6-4.7-16.. , . ... ...  GCntj^kri,  X, 
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Mazatlaii  and  Guaymas.  Dr.  Gill  has  very  properly  considered 
type  of  a  distinct  subfamily,  HopJopagrinw.  Its  peculiarities  a 
taiuly  stronger  than  those  of  the  other  genera  associated  with  Lu 
although  in  the  structure  of  the  cranium  itself  it  does  not  mat 
differ  from  Lutjanus, 

Subfamily  II.— LUTJANIN^. 
n.  LUTJAirUS. 

LutjaniiB  Bloch,  Ichthyologia,  iv,  107,  1790  {lutjanus). 

Dipterodon  Lac^pJ^de,  Hist.  Nat.  Poiss.,  iv,  167,  1803  (plumieri^Bynagrity  et 

Diaoope  Cuv.  &  Val.,  Hist.  Nat.  Poiss.,  ii,  410,  1828  (««&«•,  etc.)  (prcocci 

Lepidoptera). 
MeBoprion  Cuv.  &^  Val.,  Hist.  Nat.  Poiss.,  441,  ii,  1828  {uniinaculatus,  etc.). 
Qenyoroge  Cantor,  Malayan  Fishes,  1850,  12  (notata). 

NeomaexilB  Girard,  U.  8.  Mex.  Bound.  Sury.,  1859,  18  (emarginatus—ffriseHs) 
fProamblyB  Gill,  Proc.  Ac.  Nat.  8ci.  Phila.  1862,  236  {niffra=macolor). 
HypoUtOB  Gill,  1.  c,  236  (reh'ospinia). 

EvopUteB  Gill,  1.  c,  236  Qiomacan(/iH0— young  of  L.  kasmira). 
fMacolor  Bleeker,  Poiss.  Amboili.  Ncderl.  Ti4sc.  Dierkunde,  277,  1867  (mac* 
Rabirubia  Jordan  &.  Feeler,  snbg.  nov.  {inermis). 
Raizero  Jordan  &  Feslcr,  subg.  nov.  (aratiis). 

Type:  Lutjanm  lutjanm  Blocli,  an  East  Indian  species. 

Etymology:  From  Ikan  Lutjanfjj  a  Japanese  or  Malayan  name 
species. 

This  is  a  very  large  genns,  the  most  extensive  in  the  family 
after  the  separation  as  distinct  genera  of  numerous  aberrant 
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ANALYSIS  OF  AMERICAN   SPECIES  OF  LUTJANU8. 

of  head  covered  with  scHles,  these  exteuding  forward  at  least  as  far  as  mid- 
dle of  eye. 
b.  r^Teopercle  with  a  sharp  deep  nolch,  into  which  fits  a  knob  from  the  iuteroper- 
cle;  temporal  crest  not  conflnent  with  orbital  rim,  but  nearly  or  quite 
conflaent  with  snpraoccipital  crest  in  front  (L.  k€utm%ra) ;  lower  limb 
of  preopeltsle  coarsely  serrate ;  scales  above  lateral  line  in  very  oblique 
series.  (Evoplites  Gill.) 
c.  Body  rather  elongate,  the  depth  3  in  length ;  profile  to  nape  nearly  straight; 
snout  pointed,  3^  in  head;  snpraoccipital  crest  low;  preorbital  mod- 
orate,  6}  in  head;  month  moderate;  the  jaws  subeqnal,  the  maxillary 
reaching  front  of  pnpil,  2|  in  head;  both  Jaws  with  a  narrow  band  of 
villiform  teeth,  outside  of  which  are  moderate  canines;  tongue  tooth- 
less ;  vomer  with  a  A-shapod  band  of  teeth  and  with  no  backward  pro. 
longation  on  median  line.  Gill-rakers  short  and  slender,  10  developed. 
Eye  large,  4  in  head ;  nostrils  small,  well  separated,  the  posterior  ob- 
long; proopercle  strongly  serrate  a1>ovo  the  notch.  Scales  rather 
small,  (7)  9-54-17,  the  rows  above  lateral  line  very  oblique,  nowhere 
parallel  with  the  lateral  line,  7  or  8  rows  on  cheeks,  anterior  largest, 
one  row  on  iuteropercle ;  top  of  head  scaled  as  far  forward  as  front  of 
pupil ;  10  rows  of  scales  between  eye  and  suprascapula ;  soft  dor- 
sal and  anal  scaly.  Dorsal  spines  low  and  strong,  the  fourth  spine 
longest,  3  in  head ;  soft  dorsal  rounded,  the  longest  ray  4|  in  head ;  anal 
moderate, its  free  edge  straight,  the  second  spine  longest,  2|  in  head; 
pectorals  long,  1^  in  head.  Color  golden  brown  with  5 sky-blue  longi. 
tndinal  stripes,  each  broadly  and  sharply  margined  with  dark  blue ; 
the  whole  band  as  broad  anteriorly  as  the  interspaces,  growing  nar- 
rower behind  the  dark-blue  border,  nearly  as  wide  on  each  side  as  the 
median  pale-blue  band.  A  faint  median  blue  streak  from  occiput  to 
front  of  dorsal,  then  a  band  of  three  blue  streaks  as  above  stated,  from 
occiput  above  eye  to  ninth  dorsal  spine;  second  from  upper  edge  of 
eye  to  middle  of  soft  dorsal ;  third  from  middle  of  eye  to  last  ray  of 
dorsal ;  fourth  from  upper  jaw  along  lower  eye  to  middle  of  base  of 
caudal  peduncle,  when  it  ends  abniptly;  fifth  from  end  of  maxillary 
to  above  last  ray  of  anal ;  fins  all  pale,  the  dorsal  partly  edged  with 
black;  no  black  lat-eral  spot.  Head  2f  in  length;  dejith,  3;  D.  x,  14; 
^_  A.  Ill,  8.    Scales,  9-54-17 Viridis,  2. 

of  head  naked  as  far  back  as  the  nape. 
^    Preopercle  with  a  sharp,  deep  notch,  into  which  fits  a  knob  from  the  iuter- 
opercle.   ((renyoro^e  Cantor.) 

f.  Body  elongate;  snout  pointed,  about  3  in  head;  eye  4^;  maxillary  ex- 
tending to  opposite  middle  of  eye;  both  jaws  with  strong,  unequal 
canines ;  tongue  with  toeth ;  preopercle  with  a  deep  and  narrow  slit 
into  which  the  process  of  the  iuteropercle  fits ;  anterior  profile  of  head 
nearly  straight ;  preorbital  broad ;  dorsal  spines  low,  strong,  the  fourth 
3  in  head ;  second  anal  spine  shorter  and  stronger  than  third,  soft  dorsal 
and  anal  rounded;  caudal  lunate,  pectoral  falcate,  1}  in  head.  Body 
bluish  gray,  silvery  gray  below;  11  to  14  faint  silvery  cross  streaks; 
anal,  caudal,  tips  of  ventrals,  and  upper  part  of  dorsal  blue-black ; 
pectoral  greenish,  with  a  dark  spot  at  its  base.    Head,  3 ;  depth,  3^, 

D.  X,  15 ;  A.  Ill,  8.     Scales,  8-46-15.     (Steindachner. ) C anixus,  3. 

Preopercle  with  its  vertical  limb  entire,  or  with  a  broad,  shallow  emargi- 

nation  only. 
/.  Dorsal  spines  normally  10. 

:H.  Mis.  113 28 
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g.  Anal  rays  iii,  7  to  iii,  9 ;  lowor  limb  of  preopercle  with  the 

small  or  wanting.    (Dipierodon  Lac^p^de.) 

h.  Soft  dorsal  normally  with  14  rays  (dorsal  rays  rarely  x,  13). 
i.  Anal  fin  rounded,  its  middle  rays  less  than  half  length  of 

no  black  lateral  spot. 
J,  Developed  gill-rakers  7  to  9,  usually  with  few  mdimentSi  if 

preorbit4il   deep;   caudal  lunato;   shallow-w 
species,  olivaceous  in  color,  more  or  less  marke&  l>y 
crossbands  when  young,  often  with  a  blue  str^x^ 
ulong  the  preorbital. 
k,  Yonieriue  teeth  forming  a  A  or  ^  shaped  patch,  the  backw^^rd 
prolongation  on  median  line  very  short  or  wantiss^  9 
scales  above  lateral  line  in  oblique  series,  wh. 
are  not  throughout  parallel  with  lateral  li 
body  comparatively  elongate,  the  depth  3  to  3^ 
leugth ;  upper  and  lower  canines  very  strong,  lo 
considerably  stronger  than  in  other  species ;  mo 
very  large;  vertical  fins  dusky ;  size  very  laig^^ 
/.  Maxillary  2^  in  head;   preorbital  5i  in  head;  maxill^^ 
reaching  nearly  or  quite  to  middle  of  eye,  2}  t4^ 
in  head;  base  of  pectoral  dusky;  head,2|inleng^^ 
depth,  3f .    D.  X,  14 ;  A.  in,  8.    Scales,  6-4S-13. 

NOVEMFASCIATUS,. 

//.  Maxillary  2§  in  head;  preorbital  4f  in  head;  niaxill 
reaching  past  middle  of  eye,  about  2^  in  h 
usually  a  black  spot  or  shade  at  ba«e  of  pecto 
head,  2f;  depth,  3;  D.  x,  14;  A.  iii,  8.     Seal 

7-50-12 CYAXOPTERrs, 

kk.  Vomeriue  teeth  forming  an  anchor-shaped  patch,  with  a 
tinct  backward  prolongation  on  the  median  li 
second  anal  spine  longer  and  stronger  than  thi: 
upper  canines  strong ;  lower  moderate  or  small 
m.  Scales  above  lateral  lino  arranged  in  series  which  are 

throughout  parallel  with  lateral  line,  being  obliq_ 
and  irregular,  at  least  below  the  second  dorsal. 
n.  Body  comparatively  elongate,  the  depth  2f  to    3 
length;  snout  rather  pointed ;  mouth  largo,  2^ 
head;    soft  dorsal,  anal,   and   caudal  blacki 
tinged  with  wine  color,  always  becoming  dHS 
in  spirits ;  body  dark  greenish,  more  or  less 
dish  below;  blue  streak  on  preorbital  disappe 
ing  early;  specimens  from  deep  water  with  m 
or  less  red.     Head,  2J;  depth,  2J.    D.  x,  14; 

III,  8.     Scales,  7-50-12 Griseus, 

9tn.  Body  comparatively  deep,  depth  about  2^  in  leugt 
snout  long   and  pointed;    month  rather  snui 
maxillary  about  3  in  head ;  soft  dorsal,  anal,  a 
caudal  orange  or  yellow,  becoming  pale  in  spiri 
o.  Scales  moderate,  about  nine  in  an  oblique  series 
lirst  dorsal  to  lateral  line;  about 55  vertical 
above  lateral  line  between   gill-opening  and  h 
of  caudal;  lateral  line  with  more  than  40  poi 
a  whitish  area  below  eye ;  blue  streak  along  s 
orbital  region,  usually  not  disappearing  withaj 
head,  2i ;  depth,  2f     D.  x,  14 ;  A.  ill,  8.    Seal 
9-^15. ,,„ J joce, 
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00,  Scales  unasuallj  large;  5  or  6  in  an  oblique  aeries 

from  first  dorsal  to  lateral  line; 
about  45  vertical  series  above  lat- 
eral line  between  gill-o|)ening  and 
base  of  caudal;  lateral  line  with 
less  than  40  pores;  blue  streak  on 
suborbital  region  not  permanent; 
head,  2^;   depth,  2{,    D.  x,  14;  A. 

Ill,  8.    Scales,  6-44-13 Caxis,  8. 

mm.  Scales  above  lateral  line  in  horizontal  series  which  are 

throughout  more  or  less  distinctly 
parallel  with  the  lateral  line ;  -snout 
long  and  pointed,  3  in  head ;  pecto- 
ral fin  long,  li  in  head ;  color  brown- 
ish, with  faint  silvery  streaks  along 
rows  of  scales  on  sides,  a  i)ale-blue 
streak  along  suborbital  and  pre- 
orbital;  fins  yellowish.  Head,  2}; 
depth,  2} ;  D.  x,  14 ;  A.  in,  18.  Scales, 

5-45-12 A  KGENTI VENTRI8,  9. 

jj.  Developed  gill-rakers  more  numerous,  about  10,  with  several 

rudiments  before  them  (in  L,  huccan- 
ella ;  not  examined  in  L,  lutjanoides), 

p»  (Caudal  deeply  forked;  mouth  small,  maxillary 

reaching  posterior  nostril;  pre- 
opercle  slightly  notched,  little  ser- 
rate; canines  strong;  tongue  with 
teeth ;  soft  dorsal  and  anal  rounded ; 
pectoral  pointed,  4^  in  total  length ; 
color  brownish-green,  with  6  brown 
crossbands ;  a  broad  greenish  stripe 
from  opercle  to  base  of  caudal.  D. 
X,  14;  A.  Ill,  8.)  (Poey.)  (Hybrid 
probably  of  chryaurtts-jocu,) 

Lutjanoides,  10. 

pp.  Caudal  moderately  forked ;  mouth  large,  max- 
illary reaching  anterior  edge  of  eye,, 
2}  in  head;  preoiiercle  serrate,  th& 
serrte  strong  on  angle;  canines  me- 
dium; vomerine  teeth  in  an  anchor- 
shaped  patch ;  eye  large ;  the  base 
and  axil  of  pectoral  with  a  jet-black 
blotch ;  scales  moderate,  about  8  in 
oblique  series  from  the  lateral  line 
to  the  first  dorsal  spine,  about  63 
vertical  rows  above  lateral  line; 
second  anal  spine  long,  about  2f  in 
head.  Color  crimson ;  caudal  ped- 
uncle and  caudal  fin  largely  yellow ; 
iris  orange-red;  no  lateral  blotch. 
Head,  2i;  depth,  2^.  D.'x,  14.  A. 
-     Ill,  8.    Scales,  8-63-15. 

I3UCCAN£LLA,  11. 
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it.  Anal  tiu  angulatecl,  its  mefliaii  rays  produced,  the  longest  in  adalt 

at   least  half  head ;    body  rather 
robust;  upper  canines  rather  long; 
lower  small ;  color  more  or  less  red, 
the    young    with  a  black  lateral 
blotch. 
q,  Scales  above  the  lateral  line  arranged  in  seriw 
which  are  not  throughout  parallel 
with  the  lateral  line;  side  with  & 
black  blotch,  which  usually  dis^'P' 
pears  with  age ;  anal  fin  bright  red- 

r.  Teeth  on  vomer  in  an  anchor-shaped  patcH* 
with  a  median  backward  prolot^S" 
ntion ;  lingual  toeth  well  develop®"-  ^ 
snout   rather   pointed;    maxill*'^^ 
reaching  edge  of  pupil,  2i  in  ho^^ 
caudal  edged  with  black. 
«.  Iris  goldcu-yellow  iu  life.     Scales   ratil*^ 
small,  9-52-10,    about  50  pore»      '* 
the  lateral  line;   body  rather  si ^^ 
der,  the  depth  2^  iu  length ;  sec-c^^ 
anal  spine  about  3^  in  head ;  ^  *- 
rakers  9  below  angle ;  eye  large^ 
in  head  in  adult;  preorbital  5}- 
hea4.    Head,  2}  in  length.    D.  x, 
A.  Ill,  9.  Color  bright  rose-red,  vr 

golden  streaks Vi  van  us,  ' 

88,  Ins  rose-red.  Scales  rather  large,  8-46^ 
body  robust,  the  depth  2}  in  len 
second  anal  spine  about  4  in 
gill-rakers  about  8  below  an^^^ 
eye  moderate,  5^  to  G  in  head  ^ 
adult ;  preorbital  5.  Head,  29.  ^ 
X,  14;  A.  Ill,  9.  Color  rose 
nearly  uniform;  size  large. 

Aya, 

rr.  Teeth  in  vomer  in  a  /\-8haped  patch,  witho 
distinct  pix>1ongation  on  the  medi 
line ;  lingual  teeth  very  few  or  no 
snout   rather   pointed;    maxilla^ 
reaching  edge  of  eye,  2f  iu 
scales  rather  small,  10-67-17;  abo»^ 
fiffcy  pores  in  lateral  line;  col 
greenish  above,  rosy  below ;  a  soi 
but  distinct  lateral  blotch;  yon 
with  oblique  blue  streaks  abow 
fins  mostly  bri<*k-red,  especially 
anal ;  a  pearly  streak  below  e 
Head,  2f ;  depth,  2|.    D.  x,  14; 
III,  8.    Scales,  10-67-17. . Analis^ 
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qq,  ScaleH  above  the  lateral  line  arranged  in  series 
which  are  more  or  less  distinctly 
parallel  throughout  with  the  lateral 
line ;  no  black  lateral  blotch ;  scales 
rather  large;  5  or  6  between  first 
dorsal  spine  and  lateral  1  ine ;  lateral 
line  with  47  pores;  vomerine  teeth 
in  a  /\-Hhaped  patch ;  lingual  teeth 
well  developed ;  maxillary  reaching 
front  of  pupil,  2|  in  head;  color 
red,  dusky  above;  a  blue  streak  on 
suborbital;  anal  and  ventral  fins 
dusky.  Head,  2f ;  depth,  3.  D.  x, 
14;  A.  Ill,  7.     Scales,  5-47-11. 

Colorado,  15. 
hk.  Soft  dorsal  with  12  rayH  (rarely  13) ;  body  oblong,  the  back  not 

greatly  elevated;  upper  canines 
moderate,  lower  small  or  obsolete; 
scales  above  lateral  line  in  very 
oldique  scries;  anal  fin  low,  its  out- 
line rounded, 
f.  Mouth  moderate;  maxillary  2}  t>o  2f  in 
head, 
w,  Caudal  not  deeply  forked;  gill-rakers 
rather  few  (8  or  9  besides  rudi- 
ments), 

r,  Pectoral  short,  If  in  head ;  teeth  on 
vomer  in  an  anchor-shai>ed  patch ; 
color  olivaceous,  no  black  lateral 
blotch;  lower  jaw  included.  Hoa<l, 
2|;  depth,  3.  I),  x,  12;  A.  in,  8. 
Scales  8-51-x.  (Hybrid  griseus- 
aynagris  f ) Brach  YPTERU8,  16. 

rr.  Pectoral  long,  more  than  two-thirds 
length  of  head;  color  chiefly  red; 
a  large  black  lateral  blotch ;  lower 
jaw  slightly  projecting, 
IP.  Vomerine  teeth  i  n  an  anqhor-shaped 
patch,  with  a  distinct  bfvckwf^pd 
prolongation  (m  medif^n  Hue ;  color 
red ;  back  ;ind  sides  with  rows  of 
dark  bluish -gray  spots  following 
the  series  of  scales;  similar  spots 
on  sides  of  hea<l;  fins  reddish,  Head^ 
2|j  depth,  2f.    D,  x,  i2;  A.  in,  8, 

Scales,  7-53-15 Guttatus,  11. 

trtr.  Vomerine  teeth  in  a  A  or  ^ 
shaped  patch,  the  prolongation  on 
median  line  very  short  or  wanting ; 
color  rosy  greenish  above,  sides  of 
head  and  body  with  numerous  lon- 
gitudinal stripes  of  golden  yellow ; 
soft  dorsal  and  caudal  red;  lower 
fins  yellow.  Head,  2^;  depth,  2^. 
D.  X,  12;  A.  in,  8.    Scales,  8-00-15, 
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nil.  Caudal  deeply  forked;  the gill-nkets 
rather  numerous,  about  10  on  lower 
part  of  the  anterior  arch ;  teeth  un 
vomer  in  an  anchor-shaped  patcb; 
body  rather  elongate,  compreflMd; 
lower  jaw  projecting  or  not;  eye 
small ;  scales  small;  the  lateral  line 
with  about  50  i>ores;  anal  ipine« 
graduated.  Color  reddish,  with  hor- 
izontal yellow  streaks;  no  black 
lateral  blotch.  Head,  3;  depth,! 
D.  X,  13;  A.  Ill,  9.  Scales  9-53-15. 
(Hybrid  nfnttgris-ckryBunuf). 

Ambiguus,  19. 
it.  Month  largo;  maxillary  2|  in  head; 
teeth  on  vomer  in  an  anchor^haped 
patch ;  lower  jaw  strongly  project- 
ing ;  body  rather  elongate,  strongly 
compressed;  eye  very  large,  red; 
Bcalos  rather  small,  the  lateral  line 
with  about  50  pores;  caudal  little 
forked;  second  and  third  anal 
spines  subequal.  Color  dark  broirn ; 
pale  below,  flushed  with  red;  fiot 
mostly  red;  a  large  black  lateral 
blotch.  Head,  2^;  depth,  2f  D.  x. 
12;  A.  Ill,  8.     Scales,  9-62-14. 

'Mahoooni,20. 
<7<7.  Anal  rays  111,  10  to  III,  11.  ( i2a&trM6f a  Jordan  &  Feeler.)  Body  Blen- 
der; snout  pointed;  month  mod- 
erate, the  maxillary  extending  be- 
yond the  anterior  edge  of  orbit; 
canines  moderate;  teeth  on  tongo< 
well  developed ;  vomerine  patch  of 
teeth  anchor-shaped,  with  a  sharp 
backward  prolongation;  scales 
above  lateral  line  in  very  obliqti^ 
series;  pectoral  fins  short;  caudal 
deeply  forked;  anal  spines  very 
small ;  color  dusky,  each  scale  with  • 
shining  silvery  spot.  Head,  ^'i 
depth,    3i.    D.  x,    13;  A.  ni,  U- 

Lat.  1.,  60 IxKBMi8,21- 

ff.  Dorsal  spines  11 ;  body  elongate;  scales  large,  those  above  lateral  lio^ 

in  about  four  series,  which  sre 
fully  parallel  with  the  lateral  lin^- 
.  (Raizero  Jordan  &  Feeler.)  ^^ 
dorsal  and  anal  low;  vomerine 
teeth  in  a  A-^^^^P^^ patch;  Ungo^ 
teeth  present;  gill-rakers  (^^'^ 
color,  broym,  with  distinct  siK*^ 
stripes  along  the  rows  of  scalc^i 
young  with  silvery  crossbafll 
lower  fins  dusky.  Head,  3;  deptbi 
3i.  D.  XI,  12;  A.  iii,  7.  Scale* 
5-46-12 AluTUfl,22. 
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2.  LTTT JANUS  VIRIDIS. 

Diacope  viridU  Valenciennes^  Voyage  de  la  V<5nn8,  1845,  303,  pi.  1,  f.  2  (very  bad) 

(Galapagos  IsIandH). 
Genyoroge  rtrtdw,  Giinther,  i,  180  (copied), 
iMijanuM  viridiSf  Jonlan,  Proceedings  U.  S.  National  Mnsenm  1888, 330  (Tres  Marias). 

Habitat:  Galapagos,  Tres  Marias,  and  Bevillagigedos  islands. 

Etymology :  Viridis,  green,  a  very  inappropriate  name,  as  the  species 
is  brown  with  blue  stripes. 

This  interesting  species  is  a  near  ally  of  Lutjanus  Icmmira  (Forsk§.l) 
(=X.  beingalensis  Blocb).  It  belongs  to  the  subgenus  EvopliteSy  a  group 
well  represented  in  the  East  Indies,  but  with  no  other  American  allies. 
A  single  specimen  was  obtained  by  Alplionse  Forrer,  from  the  Tres 
Marias  Islands,  near  Mazatlan.  Several  others  have  been  since  taken 
by  Dr.  O.  H.  Gilbert  at  the  Revillagigedos  Islands,  where  it  is  very 
abundant. 

Lutjanus  kasmira  (from  Swatow,  China)  differs  from  Lu^anus  viridis 
in  the  following  respects :  Body  deeper  (depth  2§) ;  scales  smaller  (8)  12- 
62-22 ;  the  back  more  elevated  and  the  profile  steeper ;  snout,  3  in  head ; 
preorbital,  6;  maxillary,  2|;  second  anal  spine,  3^;  lower  lateral  band 
wanting;  a  vague  dark  lateral  blotch  present,  larger  than  eye;  bands 
less  sharply  defined  than  in  L.  viridis^  the  pale-blue  median  streak  in 
each  band  twice  as  wide  as  the  dark  border,  the  whole  band  narrower, 
its  width  one-third  to  one-fourth  that  of  the  golden-brown  interspaces; 
no  median  dorsal  streak. 


3.  LTTTJANnS  CANINUS. 

t  Meioprion pargu9  Cnv.  &  Val.,  ii,  473,  1828  (Puerto  Rico). 

Gtmyoroge  canina  Steindachner,  Ichtkyol.  Notizen,  ix,  18,  1869  (Lagos,  Brazil). 

Habitat:  Brazilian  fauna. 

Etymology:  CaninuSy  doglike,  a  reference  to  the  canine  teeth. 

Steindachner's  description  of  Oenyoroge  canina  agrees  in  all  respects 
with  the  young  of  Lutjanus  cyanopterus^  except  that  the  preopercle  in 
L,  caninus  is  said  to  have  the  deep  emargination  found  in  L.  viridis 
and  in  the  group  called  Oenyoroge.  We  accept  it  provisionally  as  a 
distinct  species,  solely  on  this  character.  The  scanty  description  of  M, 
pargus  probably  refers  to  a  specimen  of  L.  cyanopterusj  but  the  state- 
ment "le  tuberosity  de  son  interopercule  est.asscz  prononc6"  suggests 
L.  eaninus.  The  type,  probably  a  dried  skin,  we  have  failed  to  find  in 
the  museum  in  Paris. 
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4.  LUTJANUS  NOVBMFASCIATI7S.    (Parc;o  Pxipto.) 

Lytjanus  novemfaaeiatus  Gill,  Proc.  Ao.  Nat.  Sci.  Pliila.  1862,  251  (Cape  San  Locaa, 
very  young) ;  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1881 ;  ihid,  L  c,  1882, 3fiO 
and  365  (Cape  San  Lucas,  Panama) ;  ibid,  Bull.  U.  8.  F.  C.  1882, 107,  l^^* 
112  (Mazatlan,  Panama,  Punta  Arenas);  Jordan  &  Swain,  1.  c.,1884,  443^ 
Kvermann  &.  Jenkins,  Proc.  U.  S.  N.  M.  1891, 146  (Gnaymas). 

Mesoprion  paeificw  Bocourt,  Ann.  Sci.  Nat.  Paris,  p.  223, 1868  (Tanesoo,  Pacific  coa»* 
of  Guatemala). 

Lvijanus  pacificuSf  Vaillaut  &  Bocourt,  Mission  Scientifiqne  an  Mexiqne,  1881  (f), 
pi.  (f)iii,  f.  2. 

LutjanuB  prieto  Jordnn  <&  Gilbert,  Proc.  U.  S.  N.  M.  1881,  232,  338,  353,  355  (i 

Bias,  Muzatlan) ;  Jordan  &  Gilbert,  1.  c,  1882,  360,  361  (Cape  San  Luca.0>  • 

Hal)itat:  I'ncific  coast  of  tropical  America. 

Etymology :  Novem,  nine;  faseiatuSj  banded,  a  character  seen  only   i *^ 
the  very  young. 

This  large  fish  is  the  Pacific  representative  of  Lutjamut  cyanoptert^-^^i 
to  which  it  bears  a  strong  resemblance.  In  fact,  except  for  the  slight>^  ^ 
smaller  month  of  L,  noremfasdaius^  the  two  species  are  scarcely  di  ^ ' 
tingnishablc.  It  is  generally  common  on  the  Pacific  coast  of  tropic^^**^ 
America,  and  at  Mazatlan  it  is  known  as  pargo  prieto.  It  was  ^ir^^^ 
described  from  very  young  specimens,  which  bear  little  resemblance 
the  adult,  although  comparisons  of  specimens  have  assured  us  of  the 
identity.  The  ninp  crossbands,  which  suggested  the  inappropria' 
specific  name  of  novemfaaciatusj  are  characteristic  only  of  the  v< 
young.  The  name  Mesoprion  pacific^is  was  overlooked  by  Jordan  ai 
Gilbert,  who  published  the  first  satisfactory  account  of  the  specii 
under  the  name  of  Luijanus  prieto, 

5.  LUTJANUS  CTANOPTBRUS.    (Culiera.) 

JIfiMoprton  cyanopiervs  Cnv.  &  Val.,  ii,  472,  1828  (Brazil);  Jordan,  Proc.  U.  iD.  N. 

1886,  534  (examination  of  type). 
LuiJanuB  cyanoplemSf  Jordan  &  Swain,  1.  c.,534. 
f  Meftoprian pargus  Cnv.  &  Val  ,  ii,  473,  1828  (Puerto  Uico). 
Afesoprion  eyvodon  Poey,  Ropertorio,  ii,  268,  1868;  Poey,  Proc.  Ac.  Nat.  Sci.  Phil- 

1863,  185  (Cuba;  not  of  Cnv.  &  Val.). 
Lvtjanna  cynodon  Poey,  Synopsis,  1868,  294. 
Luljanua  cuhei'a  Poey,  Ann.  Lye.  Nat.  Hist.  N.  Y.,  75, 1871  (Cnba) ;  Poey,  Ennmerati 

1875,  27;  Jordan  &.  Swain,  1.  c,  442  (Havana). 
Lvtjanua  dentaius  (A.  Dum^ril),  Vaillant  &  Boconrt,  Miss.  Sci.  an  Mez.,  1881, 1' 

(Brazil);  Jordan,  1.  c.  (examination  of  type) 

Habitat:  Pacific  coast  of  tropical  America. 

Etymology:  xudveo^,  blue;  Trrspov,  fin. 

This  species  is  common  in  the  markets  of  Havana,  where  it  is  kno^^^ 
as  cubera.  It  grows  to  a  very  considerable  size,  and  specimens  of  1^** 
than  5  pounds  weight  are  very  rare  in  the  markets.  But  one  si>eciiO^^ 
was  obtained  by  Prof.  Jordan,  no  others  small  enough  to  be  read^*^*^ 
preserved  in  alcohol  being  seen.  A  specimen  from  Carthagena,  Uni*^^^ 
States  of  Colombia,  is  in  the  museum  at  Cambridge.  The  species  se^^"^^ 
to  have  an  indifferent  reputation  as  a  food-fish,  being  often  unwb^^-*^ 
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ome.    It  has  always  a  rag^i^ed  appearance  iu  tbe  market,  its  scales 
ieiti{^  less  firmly  uttaclied  than  those  of  other  species. 

This  species  i^  verj''  closely  related  to  X.  griseusj  but  so  far  as  we 
lave  seen  the  two  may  always  be  distinguished  by  the  difference  in 
orm  of  the  vomerine  patch  of  teeth  and  by  the  development  of  the 
aiiines  of  the  lower  jaw.  These  are  larger  in  L.  eyanoptenis  than  in 
iiy  other  American  species.  This  species  is  almost  identical  with  X. 
4>rom/a9ciatus  of  the  Pacific  coast,  the  somewhat  larger  mouth  being 
lie  most  marked  i>oint  of  dift'erence.  '  The  dusky  area  or  spot  at  base 
f  pectoral  is  more  distinct  in  tlie  Atlantic  form.  The  dentatm  of 
>iiii'teril  and  the  cyanopterus  of  Cuvier  and  Valenciennes  are  identical 
ritli  X,  cubera  Poey.  This  is  shown  by  the  examination  of  the  origi- 
al  types.  M.  pargug  C.  &  V.  is  probably  the  same,  as  is  possibly 
^ev^yoroge  canina  Steindachner. 

6.  LUTJANUS  QRISEUS. 
(Gray  Snapper;  Mangrove  Snapper;  Caballerote;  La'wyer.) 

'^r'4iu9  pinnis  hranchialihun  carent    (Manjjjrove  snapper),  CaieBby,   HiHt.  Carolina, 

1743,  tab.  9. 
'^httlhrole  Parra,  Descr.  Dif.  Piezas,  Hist.  Nat.,  17«7,  taf.  25,  f.  1. 
«^»*iM  gri9€H8  LinnicnB,  Syst.  Nat.,  x,  1758,  283  (after  Catcsby) ;  Linntcus,  Syst.  Nat., 

XII,  1766,  474;  GmeHn,  Syst.  Nat.,  1788, 1283  (copied);  B  loch  &  Schneider, 

Systema  Ichthyol.,  1801,  268  (copied). 
•*!/*» wiw f7n»eii«,  Jordan,  Proc.  U.  S.  N.  M.  1884  (identification  of  C'atosby's  figure); 

Jordan  &  Swain,  1.  c,  439. 
*<»»-ir4  tetracanthm  Hloch,  Ichthyol.,  pi.  279, 1790  (on  a  drawing  by  Plumier). 
'>*/«  ietracantka,  Bloch  &.  Schneider,  Syst.  Ichtli.,  1801,  338  (copied). 
^ft*i4U  caballerote  Bloch  &  Schneider,  Syst.  Ichth.,  1801,  310  (after  Parra). 
**«>|>rtoii  caballeroie  Poey,  Repertorio,  ii,  1868,  157;  Poey,  Proc.    Aca<l.  Nat.  Sci. 

Phila.  1863,  187  (Cuba). 
*'^Jnnu8  caballerote,  Poey,  Synopsis,  293,  1868;  Poey,  Enumeratio,  1875,  26;  Poey, 

Bun.  U.  S.  F.  C.  1882, 118'(Koy  West) ;  Jordan  &  Gilbert,  Syn.  Fish.  N.  A., 

1883,  921;  Jordan,  BuB.  U.  S.  F.  C.  1884  (Key  West);  Jordan,  Proc.  U.  S. 

N.  M.  1884,  126  (Key  West). 
***^«ajni«  vivanet  Lacdp^de,  iv,  pi.  4,  f.  3, 1803  (Martinique;  on  a  drawing  by  Plumier), 
^^•oprMm  gri8eu8,  Cuv.  «fe  Val.,  Hist.  Nat.  Poiss.,  ir,   18-8,  469   (San  Domingo); 

Guichenot,  Ramon de  la  Sagra,  Hist.  Cuba,  26  (Cuba) ;  Giinther,  i,  194, 1859, 

(Cuba,  Jamaica,  Puerto  Cabello,  Briti  h  Guiana). 
'^•yaiiii*  ffriaeus,  Cope,  Trans.  Am.  Philos.  Soc.  1871,  470  (St.  Kittys). 
'^^tet   emarginatua  Baird   &  Girard,  9th  Smithsonian   Kept.  1855,  332   (Beealey 

Point,  New  Jersey). 
^  *^««wr»ii»  emarginatuSf  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1861,  94  (Beesley  Point). 
-■««jfliiic«  caxU,  Gill,  Rept.  U.  S.  F.  C.  1872-73.  806;   (5oode,  Bull.  U.  S.  N.  M.  1879, 

137  (West  Rorida);  Jordan,  op,  <i(.,  1880,  19  (Indian  River,  Florida); 

Bean,  op,  cit.,  1880,  96  (Bermuda);  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.. 

1883,  578  (not  Spams  caxia  Bloch  &.  Schneider). 
'^^Ijanua  nteamai  Croode  &  Bean,  Proc.  U.S.N.  M.  1878,  179  (Pensacola);   Jordan  4r. 

Gilbert,  Syn.  Fish.  N.  A.,  1883,  549  (copied);  Bean  &  Dresel,  l>roc.  U.  8. 

N.  M.  1884.  laS  (Jamaica). 

Habitat:  New  Jersey  to  Florida  and  Brazil. 
Etymology:  Orisetis,  gray. 
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This  species  is  very  common  along  our  South  Atlantic  and  Gulf  coasts 
and  occasionally  strays  northward  as  far  as  !New  Jersey,  being  the 
northernmost  in  its  range  of  any  member  of  the  genns  in  the  Atlantic. 
It  is  everywhere  known  as  the  "gray  snapper."    In  Florida  and  the  Ba 
hamas,  where  the  coasts  are  lined  by  mangrove  bushes,  among  wbiclitlie 
young  of  this  s|)ecies  abound,  tlie  name  "mangrove  snapper  "comes  into 
use.    The  name  **  lawyer"  is  also  occasionally  hejii'd,  in  allusion  to  the 
skill  shown  by  the  species  in  eluding  nets.    To  the  Spanish  fishermen 
of  Cuba  and  Key  West  the  speckles  is,  as  in  the  time  of  Parra,  known 
as  cabalhrote.    It  inhabits  waters  of  varying  depths.  large  specimens 
being  often  found  very  near  the  shore,  while  others  may  be  taken  iw 
waters  of  considerable  depth,  in  company  with  Lufjanus  aya.    These 
latt'Cr  individuals  are  much  redder  than  those  found  in  shoal  wat^^i 
their  color  is  paler  and  the  body  is  in  general  a  trifle  less  elonga^ 
Such  corresi)ond  to  the  form  named  Luijanus  steamsi. 

The  synonymy  of  this  species  is  considerable.    It  is  evidently  tM 
Cahallerote  of  Parra,  as  Professor  Poey  has  shown,  and  therefore  ^^ 
Anthias  cahallerote  of  Bloch  &  Schneider.    Earlier  than  this  corrn'^^ 
Labriis  griseus  L.,  based  on  the  Mangrove  Snapper  of  Catesby,  a  rota  £^ 
and  inaccurate  figure,  but  still  resembling  this  species,  and  like  €:^^^^ 
Cahallerote  identifiable  by  the  persistent  vernacular  name.    Spa^^^* 
tetracanthus  appears  to  be  the  same,  as  alSo  Bodianns  vivanet.    Mes^^f' 
rion  griseus  Cuv.  &  Val.  is  identified  by  Poey  with  Lntjanus  caxis,  t^^^ 
to  us  the  description  resembled  much  more  the  present  species,  whi  -^ 
has  thus  twice  received  the  specific  name  of  griseus.    Lobot€s  emargi 
at  us  is  based  on  a  young  specimen  of  Lutjanus  griseuSy  afterwards  ms 
the  type  of  the  genus  Neomwnis. 

The  identification  by  Poey  of  Lutjanus  caxis  with  Mesoprion  griset 
has  led  American  writers  to  suppose  this  species  to  be  the  true  Lutjant^ 
caxisj  an  error  only  recently  corrected.  .  The  true  X.  caxis,  the  caji 
the  Havana  markets,  has  not  yet  been  seen  north  of  Key  West. 

Lutjanus  steamsiy  described  from  Pensacola,  we  are  unable  to  separat^^ 
from  ordinary  deep-water  specimens  of  X.  griseua.  So  far  as  we  can  see,  ^^ 
the  gradation  is  perfect.  This  identity  has  been  already  recognized  ' 
by  Dr.  Bejin. 

Dr.  Giinther  identifies  with  his  Mesoprion  griseus  one  or  two  species 
described  by  Cuvier  and  Valenciennes  from  the  we«t  coast  of  Africa 
It  is  impossible  from  the  brief  descriptions  to  settle  this  question,  and 
the  confusion  in  the  synonymy  given  by  Dr.  Giinther  shows  that  his 
material  was  insufficient  to  form  any  definite  opinions. 

This  species  is  closely  allied  to  L.  caxis  on  the  one  hand,  and  to  X. 
cyanoptertiS  on  the  other;  the  former  is  deeper  and  differently  colored, 
as  already  stated;  the  latter  is  similar  in  form  and  color,  but  has  the 
dentition  of  lower  jaw  and  vomer  different.  L.  griseus  rarely  exceeds  6 
or  8  pounds  in  weight.  Specimens  are  in  the  Museum  at  Cambridge 
from  Gonaives,  Haiti,  Maranhao,  and  the  Bermudas. 
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7.  LUTJAKUS  JOCl^.    (Dog  Snapper;  Jocti.) 

JocH  Parra,  Descr.  Dif.  Piezas,  Hist.iNat.,  i,  1787,  tab.  25,  f.  2  (Cuba). 
Anthiasjocu  Bloch  &  Schneider,  Syst.  Ichthy.,  310,  1801  (based  on  Parra). 
Meioprion  jocvi,  Cuv.  &  Val.,  ii,  466, 1828  (Antilles,  Martinique) ;  Poey,  Re]>ertorio, 

268,  1867  (Cuba). 
Lutjanns  jocik,  Poey,  Synopsis,  292,  1868  (Cuba);  Poey,  Ennmeratio,  26,  1873;  Vail- 

lant  Sl  Bocourtj  Miss.  Sci.  au  Mex.,  iv%  1881,?  129,  pi.  v,  f.  19,  synonymy 

much  confused;  Jordan,  Proc.  U.  S.  N.  M.  1884, 125  (Key  West);  Jordan  <& 

Swain,  1.  c,  435;  Jordan,  Proc,  U.  S.  N.  M.  1890, 319  (Bahia) ;  Jonlan,l.c., 

1889,  648  (St.  Lucia), 
ifetoprion  litura  Cuv.  &,  Val.,  ii,  467,  1828  (Cayenne,  St.  Thomas) ;  Jordan,  1.  c, 

1886,  524  (examination  of  type). 
Meioprion  cynodon^  Ouutber,  i,  194, 1859  (San  Domingo,  Jamaica;  not  of  Cuv.  &.  Val. ; 

excl.  syn.). 

Habitat:  West  Indies,  north  to  Florida  Keys,  south  to  Bahia. 

Etymology:  From  Cuban  namejoerf. 

Tills  si>ecles  is  about  equally  abundant  with  L.  ccltIs  about  Florida 
Keys  and  Cuba.  The  English-speaking  fishermen  call  it  ^^dog  snapper," 
the  Spanish  ^^jocu.^  The  fishermen  usually  distinguish  the  jocw  by  the 
presence  of  a  pale  area  below  the  eye,  but  the  only  certain  distinction 
lies  in  the  size  of  the  scales.  These  are  much  smaller  in  L.jocu  than 
in  L.  c€tx%H.  Mesaprian  Utura  Guv.  &  Val.  is  this  species,  as  is  also 
apparently  Mesoprion  cynodon  Giinther.  In  the  synonymy  of  the  latter 
S|)ecies  several  distinct  species  are  confounded,  as  also  by  Yaillant  & 
Bocourt  under  the  name  Lutjanus  jocu. 

Specimens  of  L.jocu  from  Bahia  and  Maranhao  are  in  the  museum 
at  Cambridge. 

8.  LUTJANUS  CAXI8.    (Schoolmaster;  Caji.) 

fPerca  marina  pinnis  branchialihua  carens  (Schoolmaster),  Cat^Bby,  Hist.  Carolina  etc., 

1743,  tab.  41  (Bahamas;  figure  very  poor,  the  pectoral  fins  omitted;  may  be 

L.jocu), 
€axi»  Parra,  Descr.  Dif.  Piezas,  Hist.  Nat.,  1787,  tab.  8,  f.  2  (Havana). 
fPerca  apoda  ( "  Forster,  Catal.  of  Anim.,  21,  MS.  1774 ;  printed  1844),  Walbaum,  Artedi, 

Piscium,  1792,  351  (based  on  the  Schoolmaster  of  Catesby). 
Spams  caxi$  Bloch  &  Schneider,  Ichthyol.,  1801,  284  (after  Parra). 
McBojnrion  cazis,  Poey,  Repertorio,  ii,  269,  1868. 
Lutjanus carU,  Poey,  Synopsis,  1868,  293 (Cuba);  Poey,  Ennmeratio,  1875,  25;  Jordan, 

Proc.  U.  S.  N.  M.  1884,  125  (Key  West),  (not  of  several  American  writers); 

Jordan  &.  Swain,  1.  c,  435  (Key  West,  Havana) ;  Jordan,  1.  c,  1889, 648  (St. 

Lucia) ;  Jordan,  1.  c,  1890,  319  (Bahia). 
Bodianus  Affta/tf^  Bloch  &.  Schneider,  Syst.  Ichth.,  1801,  335,  tab.  lxv  (West  Indies; 

misprinted  albosiriatuSf  p.  237;  called  B.fasciatus  on  plate). 
Lutjanus  aeuiirostris  Desmarest,  Prem.  D^c.  Ichthyol.,  12,  tab.  3,  1823  (Cnba). 
Mesoprion  cynodon,  Cuv.  &.  Val.,  ii,  465, 1828  (Martinique,  San  Domingo) ;  Boconrt,Ann. 

Nat.  Hist.,  Paris,  1868,  224;  Jordan,  Proc.  U.  S.  N.  M.  1886,  534  (examina- 
tion of  type). 
Mesoprion  linea  Cuv.  &  Val.,  ii,  468, 1828  (Cnba,  San  Domingo);  Jordan,  1.  c. 
Mesoprion fiavescens  Cuv.  &,  Val.,  ii,  472,  1828  (Martinique);  Jordan,  1.  c. 
Mesoprwn  alhostriatus  Peters,  Berliner  Monatsberichte,  1865,  111  (on  the  type  of  Bloch 

Sc  Schneider). 
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Habitat:  West  Indies,  north  to  Key  West,  south  to  Bahia. 

Etymology :  Tlie  phiral  of  the  Cuban  name,  caji,  formerly  spelled  cast^ 

This  species  is  very  abundant  in  the  markets  of  Havana,  whet« 
it  is  still  known  as  caji  (in  old  Spanish  caxi^  of  which  "  caxU^  is   * 
phu'al  form).    This  persistence  of  the  common  name  is  the  only  cert^*^ 
basis  of  identification  of  Parra's  Caxis,    It  is  almost  equally  cornm^^^ 
at  Key  West,  where,  as  in  Catesby's  time,  it  is  known  as  the  "scho-^^^' 
master."    The  latter  name  is,  however,  indifferently  aitplied  by  t 
fishermen  to  LutjanuKJocu  also. 

There  seems  to  be  little  doubt,  in  spite  of  the  difference  in  color,  whi 
seems  to  be  the  fault  of  the  printer,  that  the  acutiroHtris  of  Dumeril 
L.  caxis.  We  have  examined  the  original  ty])es  of  cynodonj  linea,  a 
flavescenSj  which  are  identical  with  L.  caxis. 

Peters  adopts  Schneiders  name  alboatriatK^  (apparently  originall; 
mere  slip  of  the  pen  for  striatiis),  "because  another  species  has 
lately  named  Mesoprian  striatus.^    Peters  identifie<l  8clineider*s  t 
with  "  Mesoprion  linea  C.  &  V." 

This  species  is  closely  allied  to  X.  griseus  and  still  more  nearly 
L.  jocu.    The  latter  is  very  similar  in  form  and  coloration,  but  h 
decidedly  smaller  scales.    The  former  is  more  elongate,  and  has  t 
vertical  fins  always  dark,  while  in  eaxis  and  jocu  yellowish  colo 
predominate. 

Specimens  of  L.  caxis  are  in  the  museum  at  Cambridge  from  Cub 
Sombrero,  and  J^r^mie,  Haiti.    A  specimen  from  Pernambuco  is  mor» 
elongate  (depth  2f  in  length),  and  the  lower  teeth  a  little  stronger. 

We  provisionally  reject  the  name  apodu,  although  older  than  ca 
because  it  may  have  been  intended  either  for  this  species  or  jociij  whil 
the  bad  figure  must  have  been  drawn  from  memory  by  Oat^jsby.    'Sotzi^lot 
one  fisherman  in  ten  in  the  Florida  Keys  can  distinguish  the  "schoor^i:»ol- 
master"  from  the  "  dog  snapper."    The  fishermen  of  Cuba  are,  howeveMr^^aer, 
more-skillful  in  separating  their  caji  from  the  jocu. 


0a, 


ile 


9.  LUTJANUS  ARChSNTIVISNTRIS.    (?4rgo  AmariUQ,) 

M^oprion  argentiventris  Peters,  Berllq,  Monataber,,  J869,  704  (M^z^tlai)), 
Lvtjanua  argentivmtris,  Jordmi,  Proc.  Ao,  Nat.  Sci.  PbUn,  1883,  283  (M;»zat]an) ;  J"- 

ddn  <&  Swafn,  ].  c,,  434  (Mazatlai),  PaQamft);  Kveripaqq  &  Jenkinsi  Pi 

U.  B.  N.  M.  1891,  146  (GuajTiw), 
Mesoprion  griseus,  Glluther,  Fi«Ue«  Central  America,  1863,  385  (q^me  only ;  no^ 

Cuv.  &  Val,), 
Lutjanui  argentiviUattis,  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1881,  354 ;  JordJ*-'^ 

Gilbert,  Bull,  U,  8,  F,  C,  1882,  107,  110  (Mazatlan,  Panama);  JordaO 

Gilbert,  Proc.  U.  S.  N.  M.  1882^  625  (Panama),  {lapsus  calami  for  ar^^' 

r en  Iris). 

Habitat:  Pacific  coast  of  tropical  America. 
Etymology:  Argenteus,  silvery;  venter y  belly. 
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This  species,  thepargo  amarillo  of  the  Mazatlaii  fisbermeu,  is  geu- 
irally  common  on  the  Pacific  coast  of  Mexico  and  Central  America, 
t  bears  considerable  resemblance  to  L.  caxisy  jocu^  and  griseus^  but  is 
listinct  from  all  of  these. 

Onr  specimens  are  from  Mazatlan  and  Guaymas.  Specimens  from 
i^anama  are  in  the  museum  at  Cambridge. 

m 

10.  LUTJANUS  LUTJAKOIDES. 

)qiuru9  lutjanoide»  Pocy,  Ann.  Lye.  Nat.  Hist.,  ix,  319,  1871  (Cuba). 
,utjanu9  luljanoideB  Poey,  Enumeratio,  1875,  30;  Jordan  <&  Swain,  1.  c. 

Habitat :  Cuba.    One  8X)ecimen  known. 

Etymology:  Lutjanus:  cMoc,  form. 

This  species  is  known  to  us  only  from  the  description  of  Poey,  who 
las  suggested  the  possibility  of  its  being  a  hybrid  between  0,  chrysurus 
ind  X.  caxis.  It  is  not  unlikely  that  it  is  a  hybrid,  but  its  smaller 
icales  suggest  its  relationship  to  L.  jocti  rather  than  to  L.  caxis, 

11.  LUTJANUS  BUCCANELLA.    (Seal  de  lo  Alto ;  Oreme  Noire.) 

Uetoprion  buccanella  Cuv.  &  Yal.,  ii,  1828,  455  (Martinique) ;  Guichcnot,  Ramon  do 
la  Sagra,  Cuba,  23  (Cuba);  Gunther,  i,  198  (Cuba,  Jamaica). 

ItUjanus  huccanellaf  Poey,  Synopsis,  1868,  295;  Poey,  Enumcratio,  27;  Jordan  & 
Swain,  1.  c. ;  Jordan,  1.  c,  1889,  648  (St.  Lucia). 

Metoprion  caudanoiatits  Poey,  Memoriae,  i,  440,  about  1858,  tab.  3,  f.  2  (Cuba, 
young) ;  Poey,  Repert.,  ii,  158,  1868. 

Habitat:  West  Indies. 

Etymology :  Boucanellej  a  name  used  in  Martinique. 

This  small  and  strongly  marked  species  is  common  in  the  deeper 
iraters  about  Havana,  and  is  known  in  the  markets  as  sesi  or  scsi  de 
0  alio.  A  specimen  was  taken  by  the  Albatross  at  St.  Lucia.  The 
jynonymy  of  the  species  offers  no  difficulty.  A  young  specimen  was 
mce  described  by  Poey  as  a  distinct  species  under  the  name  of 
Mesoprion  caudanotatuSj  but  its  identity  with  L,  huccanella  is  un- 
questionable. 

12.  LUTJANUS  VIVANUS.    (Pargo  de  lo  Alto;  Silk  Snapper.) 

Ifetoprton  vivanuB  Cuv.  &,  Val.,  ii,  454,  1828  (Martinique) ;  Jordan,  Proc.  Ac.  Nat. 

Sci.  Phila.  1883,  286 ;  Jordan,  Proc.  U.  S.  N.  M.  1886  (examination  of  types) 

(not  Zii(/antt#riraf(U«  Jordan  &.  Swain). 
LutjanuB  rtrantM,  Jordan,  1.  c,  1889,  648  (St.  Lucia). 
\fe9oprion  aya  Cuv.  &.  Val.,  ii,  1828,  457  (San  Domingo);  Guicheuot,  Ramon  de  la 

Sagra,  Hist.  Cuba,  24  (Cuba) ;  GUnther,  i,  198, 1859  (Jamaica) ;  Pocy,  Repcr- 

torio  Pise.  Cubens.^  i,  1867,  267  (probably  not  Bodianus  aya  Hloch). 
MeBaprianprofundus  Poey,  Memoriae,  ii,  150, 1860  (Cuba) ;  Poey,  Repertorio,  ii,  1868, 

157;  Poey,  Synopsis,  1868,  294. 
Lutjanus  profundus  Poey,  Enumcratio,  1875,  28;  Jordan  &.  Swain,  1.  c. 
luijanus  purpureus  Poey,  Enumeratio  Pise.  Cubens.,  1875,  29  (name  taken  from  Mes- 

oprion  purpureus  Cuv.  &.  Val.,  ii,  471,  1828;  the  name  purpureua  evidently 

a  slip  of  the  pen  for  aya). 
Lutjanus  torridus  Cope.  Trans.  Am.  Philos.  Soc.^  468,  1869  (St.  KittA^ 
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Habitat:  West  Indies. 

Etymology:  From  the  French  name  vivanet^  used  at  Martiniqi 
probably  allied  to  vivaxy  "  lively." 

This  handsome  species  is  rather  common  in  the  markets  of 
where  it  is  known  as  the  pargo  de  lo  alto.    When  fresh  it  may  alwa: 
be  known  by  the  bright  yellow  color  of  the  eye,  a  color  which  does  n_ 
entirely  fade  in  spirits.    It  is  evidently  the  Mesaprion  ay  a  of  Gavier 
Valenciennes,  but  it  is  apparently  not  the  original  Bodianua  aya 
Bloch,  as  the  latter  species  is  said  by  Marcgrave  and  Bloch  to  have  tl 
iris  red. 

Poey  recognizes,  under  the  name  of  Lutjantut  purpureuSj  a  secoi 
species,  which  differs  from  L.  profundus  only  in  having  small  scah 
very  close  to  the  eye.    This  seems  to  be  a  character  of  little  importanc:::^:^^^ 
on  which  to  recognize  a  distinct  species. 

The  name  purpureus  is  credited  to  Guvier,  but,  in  the  single  ph 
(vol.  II,  p.  457)  where  the  name  occurs,  purpureus  is  evidently  a  mei 
slip  of  the  pen  for  aya.    Probably  it  was  originally  a  manuscript  nam^ 
for  which  the  latter  name,  from  Bloch,  was  taken. 

Lutjanus  torridusj  loosely  described  and   poorly  figured  by  Pj 
Gope,  seems  to  be  this  species  rather  than  the  red  snapper,  as  it  hj 
been  formerly  identified  by  us.     We  have  examined  Cope's  type 
the  Museum  of  the  Academy  at  Philadelphia.    It  is  II  inches  long  an 
in  x)oor  condition,  but  it  probably  belongs  to  L.  vivanus  rather  than 
L.  aya. 

In  the  review  of  this  genus  by  Jordan  and  Swain,  the  close  relationK — ^ 
of  L  vivanus  with  L.  aya  were  not  apprehended.    The  two  species  ai 
in  fact  very  similar  in  structural  characters,  L.  vivanus  being  dii 
tiuguished  chiefly  by  the  slenderer  body,  smaller  scales,  longer  am 
spines,  more  numerous  gill-rakers,  and  larger  eye^  the  iris  of  which  i 
always  bright  yeUo w.    The  types  of  Mesoprion  vivanus  must  be  referi 
to  tbe  present  species  rather  than  to  L.  aya^  unless,  a  very  improbabl- 
supposition,  they  represent  still  another  species  not  yet  recognizi 
We  are  therefore  obliged  to  adopt  for  the  '^ pargo  de  lo  alto^^  the  nam. 
of  L.  vivanuSj  rather  than  the  appropriate  one  of  L.  profundus  given 
it  by  Prof.  Poey. 
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13.  LXTTJANUS  A7A. 

(Red  Snapper;  Pargo  Colorado;  Pargo  Ouachinango.) 

-a  aya  Marcgrave,  Hist.  Brasil.,  167,  168,  1648. 

'4tnu8  aya  Bloch,  Ichthyol.,  taf.  227,  1790  (based  ou  Marcgrave) ;  Lacdp^de,  iv, 

286,  287, 1808  (copied). 
(/janM  aya,  Goode,  Bull.  U.  S.  N.  M.,  v,  1876;  55  (Bermudas);  Jordan,  Man.  Vert., 

ed.  5,  1888, 139. 
»«f««ijiM  ruber  Bloch  «&  Schneider,  Syst.  Ichthy.,  1801,  330  (based  on  Marcgrave). 
itjaniu  vivanua,  Jordan  &.  Swain,  1.  c,  453  (not  type). 
9m€fj»rion  campechanus  Poey,  Mom.,  ii,  149,  1860  (Cuba). 
itf^mnttsoampechianns Poejf  Syn.,  294, 1868  (Cuba) ;  Poey,  Ann.  Lye.  Nat.  Hist.  N.  Y., 

317, 1870  (Cuba) ;  Poey,  Enumeratio,  29, 1875  (Cuba) ;  Poey,  Bull.  U.  S.  F.  C. 

1882, 118  (Key  West) ;  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  1883, 921(copied) ; 

Jordan,  Proc.  U.  S.  N.  M.  1884, 125  (Key  West). 
itj^tHMs  blackfordi  Goode  <&  Bean,  Proc.  U.  S.  K.  M.  1878,  176  (Pensacola);  Goode, 

Proc.  U.  S.  N.  M.  1879, 114  (St.  Johns  River) ;  Goode  &  Bean,  op.  cit.,  1879, 

137,  156  (Pensacola);  Bean,  op.  cit,  1880,  96;  Goode  &  Bean,  op.  oil.,  1882, 

238;  Jordan  &.  Gilbert,  op.  cit.,  1882,  275  (Pensacola);  Jordan  &  Gilberts 

Syn.  Fish.  K.  A.,  1883,  549;  and  of  Goode  &  Bean  and  recent  American 

writers  generally. 

Habitat:  Long  Island  to  Brazil^  especially  abundant  in  the  Gulf  of 
^adco. 

Etymology:  From  the  Portuguese  name,  Acara  aya, 
l^his  species,  the  most  valuable  food-fish  of  the  genus  in  the  waters 

the  United  States,  is  very  abundant  in  rather  deep  water  in  rocky 
^Sices  around  the  Florida  coast.  At  Pensacola  it  is  taken  in  great 
timbers.  It  is  one  of  the  most  important  food-fishes  of  our  southern 
>asts.  About  Kej'  West  it  is  also  taken  in  large  numbers,  but  only 
^  the  deep  waters,  and  it  is  taken  thence  alive  in  the  wells  of  the 
^ing  smacks  to  the  markets  of  Havana.    On  the  American  coast  it 

-tnown  everywhere  as  "  red  snapper,"  or  to  the  Spaniards  as  pargo 
^lorado.  In  Havana  it  bears  the  name  of  pargo  guachinangOj  "  Mexi- 
^li  snapper,"  because  it  is  brought  to  that  city  from  the  Mexican  coast. 
-<5cording  to  Poey  it  is  comparatively  rare  in  Cuban  waters,  although 
^ly  seen  in  the  markets.  Specimens  are  in  the  museum  at  Cambridge, 
■^xn  Eio  Janeiro;  these  seem  to  be  entirely  similar  to  the  red  snapper 
^  Our  markets;  in  some  of  these  the  stomach  is  wrong  side  out,  indi- 
^tiog  that  they  came  from  deep  water. 

^he  synonymy  is  somewhat  complicated,  and  some  doubt  exists  as  to 
^^  I>roper  specific  name.  We  identify  the  names  aya  and  ruber ^  based 
^  the  Acara  aya  of  Marcgrave,  as  belonging  to  the  common  red  snap- 
^^.  This  is  said  to  be  a  red  Lutjanusy  3  feet  in  length,  and  with  a 
^  circle  around  its  iris;  it  is  therefore  far  more  likely  to  have  been 
^^s  species  than  the  small  Lutjanus  vivantcSy  with  which  it  has  been 
*^^*itified  by  Cuvier.  As  this  species  occurs  on  the  Brazilian  coast, 
^^  as  it  corresponds  to  Marcgrave's  and  Bloch's  descriptions,  there  is 
^t  much  doubt  as  to  its  identity,  the  more  so  as  it  is  probable  that  all 
^e  large  Lutjani  of  Qu,r  wg^tjers  a,rQ  i^ow  feuowu. 


original  view,  tbat  the  name  campechaniis  certainly  belongs  to  the  sa*^^* 
fish,  and  the  still  older  name  aya  is  as  well  authenticated  as  the  uaixi^^ 
given  by  Bk)ch  are  likely  to  be.  We  can  not  therefore  make  use  of  fc^ 
name  blacJc/ordi  as  the  sx>ecific  name  of  the  red  snapper. 

14.  LUTJANUS  ANALIS.     (Mutton-fish;  Pargo;  Pargo  CrioUo.) 

Anthiaa  quurtud  rondeleti  (Mutton-fish),  Oatesby,  Nat.  Hist.  Caroliua,  1743. 
MeaoprioH  analu  Cuv.  &  Val.,  II,  452, 1828  (San  Domingo);  Poey,  Memorias,  ii,  X-*^ 

1860,  tab.  13,  fig.  9  (Cuba);  Poey,  Reportorio,  i,  266,  1867  (Cuba);  Pc»<?> 

Synopsis,  294, 1868  (Cuba). 
Luijann%  anuliSf  Poey,  Enumeratio,  1875,  29  (Cuba);  Jordan,  Proc.  U.  S.  N.  M.  U 

12.5  (Key  West) ;  Vai]lant  &  Bocourt,  Miss.  Sci.  au  Mexique,  1881, 119,  pi  -    ^'  j' 

Jordan  &  Swain,  1.  c. ;  Jordan,  1.  c,  1889,  648  (St.  Lucia) ;  Jordan,  1.    *^'f 

1890,  319  (Bahia). 
MesopHon  sohra  Cuv.  &  Val.,  ii,  453,  1828  (Martinique) ;  Guichenot,  in  Ramon      *^^ 

la  Sagra,  Hist.  Cuba,  Poiss.,  22;  GUnther,  i,  209. 
Mesoprion  isoodon  Cuv.  &  Val.,  ix,  443,  1833  (San  Domingo). 
McBoprion  isodouy  GUnther,  I,  1859,  206  (copied). 

Mesoprion  rivanus  Giinther,  I,  263,  1859  (Jamaica,  Bahia;  not  of  Cuv.  &  Val.). 
Luljanusvivanus,  Cope,  Trans.  Am.  Philos.  Soc,  1869,  470  (New  Providence.St.  Croi  ^^' 
f Mesoprion  rosaceus  Poey,  Ann.  Lye.  Nat.  Hisjb.  N.  Y.,  ix,  317,  1870  (Cuba). 
tLutjanus  rosaceus  Poey,  Enumeratio,  1875,  30. 

Habitat:  Pensacola  to  Brazil. 

Etymology:  Analw,  from  the  elevated  aiial  fin. 

This  species  is  rather  common  at  Key  West,  where,  as  elsewhere 
the  West  Indies,  it  is  known  as  mutton-fish.    At  Havana  it  is  tl 
pargo  {par  excellence)  or  pargo  criollo.    It  is  perhaps  the  most  importai 
food-fish  of  the  Havana  markets,  being  always  abundant  and  its  fie? 
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ite  to  admit  L.  rosdceits  as  distinct  from  L,  analis.  The  larger 
md  redder  coloration  perhaps  indicate  a  specimen  from  deeper 
*  than  usual. 

3cimens  of  this  species  are  in  the  museum  at  Cambridge  from 
»u,  Bio  Janeiro,  and  Rio  Grande  do  Norte. 

15.  LUT JANUS  COLORADO.     (Pargo  Colorado.) 

lui  Colorado  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1881,  338,  351,  355  (Mazatlan); 
Jordan  &  Gilbert,  Bull.  U.  S.  N.  M.  1882,  107,  110  (Mazatlau,  Panama) ; 
Jordan  &.  Swain,  1.  c. ;  Evermann  &  Jenkins,  Proc.  U.  S.  N.  M.  1891,  147 
(Gnaymas). 

bitat:  Ouajrmas  to  Panama. 

rmology :  Spanish,  colaradOj  red  (colored),  in  allusion  to  the  com- 

name  pargo  Colorado. 

16.  LUTJANUS  BRACHTPTERUS. 

U9  hrachypierus  Cope,  Trans.  Am.  Phil.  Soc.  1871,  470  (New  Providence); 
Jordan  and  Swain,  1.  c,  447  (description  of  type). 

bitat:  Bahama  Islands, 
^mology:  ppa^oq^  short;  izTspoy^  fin. 

this  species,  a  single  specimen  only  is  known.  It  is  allied  to  L, 
<«,  although  apparently  distinct  from  that  species  and  from  all 
B  known  to  us.  In  its  technical  characters  it  approaches  most 
ly  to  L.  sytMgriSy  near  which  species  it  is  convenient  to  place  it 
r  analytical  key.  If  we  suppose  the  type  of  L,  amhiguus  to  be  a 
id,  »ynagriS'dhry8uru8j  we  may  suspect  L,  brachypterus  to  represent 
i)rid  ofgriseus  and  syruigris.  The  evidence  in  the  latter  case  is  less 
ing  than  in  the  former. 

17.  LUTJANUS  QUTTATUS.     (Flamenco.) 

TttfR  guttaiuB  Steindachner,  Ichthyol.  Notizen,  ix,  18, 1869,  taf.  viii  (Mazatlan). 

ntu  guttattts,  Jordan  &.  Gilbert^  Proc.  U.  S.  N.  M.  1881,  354;  Jordan  &  Gilbert, 
op.  ci«.,  1882,  625  (Panama);  Jordan  &  Gilbert,  BuU.  U.  S.  F.  C.  1882,  107, 
110  (Mazatlan,  Panama);  Jordan  &  Swain.  1.  c;  Evermann  &  Jenkins, 
Proc.  U.  S.  N.  M.  1891, 147  (Guaymas) ;  .Jordan,  1.  c,  1889, 181  (Panama). 

ibitat:  Guaymas  to  I^anama. 

ymology:  Outtatus^  spotted. 

is  species  represents  Lutjanits  synagris  on  the  Pacific  coast.    It  is 

Qmon  food-fish  at  Guaymas,  Mazatlan,  and  Panama, 

H.  Mis.  113 29 
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18.  LUTJANUS  STNAQRIS.    (Lane  Snapper;  Biagaiba.)  "^ 

Salpa  purpure$cena  variegaia  (Lane  Snapper),  Catesby,  Hiat.  Nat.  Carol.  1743, tab.  17. 
Sparus  aynagrU  LinnaeuB,  Syst.  Nat.,  x^  280,  1758  (after  Catesby);  LinnsBUS,  op.  et(., 

XII,  470;  Gmelln,  Syst.  Nat.,  1788, 1275;  Bloch  &  Schneider,  Syst.  Icth.,      *^^^ 

1801,  274  (copied). 
Lutjanua  aynagris,  Poey.  Enumeratio,  1875,  27  (Cnba) ;  Poey,  Bull.  U.  S.  F.  C.  VS^ 

118  (Key  West);  Jordan  <&  Gilbert,  Syn.  Fish.  N.  A.,  1883,  922;  Jotdu, 

Bull.  U.  S.  F.  C.  1884  (Key  West);  Jordan, Proo. U. S. N.  M.  1884, 125 (Key 

West);  Jordan  &.  Swain,  1.  c;  Jordan,  1.  c,  1889,648  (St.  Lucia) ; JordiD, 

1.  c,  1890,  319  (Bahia). 
Sparua  rermicalaris  Bloch  &  Schneider,  Syst.  Ichth.,  1801,  275  (on  a  drawing  by 

Plumier). 
Lutjanus  aubrieti  Desmarest,  Pr^m.  Deo.  Ichth.,  17,  1823,  pi.  2  (Cnba);  yauliftnt& 

Boconrt,  Miss.  Sci.  Mex.,  1881  ( f ),  126  (Jamaica,  Hayti,  Cnba,  Monterideo). 
Mesoprian  uninotatus  Cnv.  &.yal.,  ii,  449, 1828  (San  Domingo,  Martinique);  Agaui&i 

Spix,  Pise.  Brasil.,  1829,  pi.  65 ;  Castelnau,  Anim.  Nonv.  onrares  Am^r.  Sad, 

4;  Guichenot,  Ramon  de  la  Sagra,  Cuba,  21;  GUnther,  i,  202,  1859  (Caba. 

Puerto  Cabello,  San  Domingo,  Jamaica,  Bahia). 
Lutjanus  uninotatuSf  Poey,  Synopsis,  1868,  294 ;  Cope,  Trans.  Am.  Philos.  8oc.  IST^ 

470  (St.  Martin's). 

Habitat:  Florida  Keys  to  Aspinwall  and  Brazil. 

Etymology :  auva^pt<;j  an  old  name  of  Dentex  dentexy  a  species  wki^^ 
tbis  one  was  tbougbt  to  resemble. 

This  species  is  very  common  almost  everywhere  from  Tampa  to  Bra^^* 
It  reaches  but  a  small  size,  rarely  exceeding  a  foot,  and  it  iQha1>^^^ 
chiefly  shallow  waters.  It  is  known  about  the  Florida  Keys  and  Bat**' 
mas  as  "lane  snapper,''  and  in  Cuba  as  "  biajaiba.^  In  Havana  it  is  o*® 
of  the  most  common  food-flshes,  in  abundance  not  exceeded  by  any  ot*'-*^ 
species.  Its  strongly  marked  coloration  renders  its  recognition  fl"<^® 
descriptions  easy,  and  little  doubt  exists  in  its  extensive  synonymy - 

There  is  no  doubt  whatever  as  to  the  species  intended  by  the  ^^^^ 
snapper  of  Catesby.  The  name  synagris  of  Linnaeus  is,  therefore,  -*=^^ 
out  doubt  the  one  which  should  be  retained  for  the  species. 

Specimens  of  L.  synagria  are  in  the  Museum  at  Cambridge, 
Gonaives  and  J^r^^mie,  Haiti,  Porto  Seguro,  Havana,  Ceara,  Rio 
neiro,  Maranhao,  and  Victoria. 


Ja- 


19.  LUTJANUS  AMBIQUUS. 

MeMprion  amhiguM  Poey,  Memorias  Cuba,  ii,  152,  1860,  tab.  12,  f.  4;  tab.  13, 

(Cuba);  Poey,  Synopsis,  295. 
Luljanua  amhigmta  Poey,  Ennmeratio,  1875,  30 ;  Jordan  and  Swain,  1.  c. 

Habitat:  Cuba. 

Etymology:  Ambiguusj  uncertain. 

This  species  is  very  well  distinguished  from  Lutjanus  synagris  a 
from  Ocyurus  chrysurus]  but  it  presents  such  a  singular  blending 
the  characters  of  the  two  as  to  lend  much  probability  to  Poey's  co^ 
jecture  that  it  is  a  hybrid  of  Lutjanus  synagris  with  Ocyurus  chrysurwf' 
Two  specimens  are  known,  the  one  sent  by  Poey  to  the  U.  S.  National 
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3fa8eam  and  described  in  the  paj^er  of  Jordan  &  Swain;  the  other,  sent 
"by  Poey  to  the  Museum  at  Cambridge,  is  very  similar,  with  well- forked 
caudal  and  numerous  gill-rakers.  The  lower  jaw  is,  however,  scarcely 
projecting,  and  the  pectoral  short,  If  in  head. 

20.  LUTJANUS  MAHO(K)NI.     (Qjanoo.) 

Jieaaprian  mahogani  Cay.  &.  Val.,  ii,  447,  1828  (Martinique) ;  GUnther,  i,  203  (copied) ; 

Jordan,  Proc.  U.  S.  N.  M.  1886  (examination  of  type). 
jMijanut  mahogani f  Jordan  &.  Swain,  1.  c. 

Meaaprion  ricardiCuv.  &  Val.,  ii,  447, 1828  (Martinique) ;  Jordan,  1.  c.  (exam,  of  type). 
3fetoprum  ofanco  Poey,  Memorias,  ii,  150,  tab.  13,  f.  10,  1860  (Cuba) ;  Poey,  Synopsis, 

295,1868. 
£*uijanu9  ojanco  Poey,  Enumeratio,  1875,  28  (Cuba). 

Habitat:  West  Indies. 

Etymology:  Mahogoniy  the  English  mahogany,  from  the  brown  color- 
ation. 

This  species  is  rather  common  in  the  markets  of  Havana,  where  it  is 
known  as  ojancOy  in  allusion  to  the  large  eye.  It  does  not  reach  a  large 
size.  This  is,  of  course,  the  species  described  by  Poey  under  the  name 
of  lAitjanua  cjanco.  The  types  of  M.  mahogoni  and  M.  ricardi,  examined 
by  us  in  Paris,  are  the  same  as  Poey's  species. 

21.  LUTJANUS  INERMIS. 

inermU  Peters,  Berliner  Monatsber.,  1869,  705  (Mazatlan). 
^^Janiu  inermU  Jordan,  Proc.  Ac.  Nat.  Sci.  Phila.  1883,  285  (Mazatlan);  Jordan  &. 
Swain,  1.  c,  459 ;  Jordan  &  BoUman,  1.  c,  1889,  181  (Panama). 

Habitat:  Mazatlan  to  Panama. 

Etymology:  /wcrww,  unarmed. 

Only  two  specimens  known;  one  is  in  the  Museum  at  Berlin  and  is 
^id  to  have  come  from  Mazatlan ;  the  other  was  taken  by  the  Albatross 
*^  Panama.  It  is  quite  unlike  any  other  American  species.  It  is  per- 
^^ps  related  to  Lutjanus  mitchillij  a  species  lately  described  by  Dr. 
^tinther,  from  Madras. 

22.  LUTJANUS  ARATUS.    (Fargo  Raizero.) 

^^nprUm  arahur Giintber,  Proc.  Zool.  Soc.  Lon.  1864, 145  (Panama,  Chiapas) ;  Vaillant 
Sl  Bocourt,  Miss.  Sci.  au  Moxique,  1881,  122  (Chorora,  near  Panama). 

^•^ijantu  aratus,  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1881,  355;  Jordan  &  Gilbert,  op. 
ct<.,  1882,  625  (Panama);  Jordan  &  Gilbert,  BuU.  U.  S.  F.  C.  1882,  107,  110, 
112  (Mazatlan,  Panama,  Punta  Arenas);  Jordan  &  Swain,  1.  c,  460. 

Habitat:  Pacific  coast  of  tropical  America. 

Etymology :  AratuSj  plowed,  from  its  striped  coloration. 

This  species,  the  ^^pargo  raizero^^  of  ^the  Mazatlan  fishermen,  is  gen- 
erally common  on  the  Pacific  coast  and  reaches  a  considerable  size.  It 
bears  little  resemblance  to  any  other  American  species,  its  sqaamation 
resembling  that  of  Hcemulon  maculicauda.  Specimens  from  Panama 
are  in  the  museum  at  Cambridge. 
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m.  OCTUKUS. 

Oc3niniB  Gill,  Ptoc.  Ac.  Nat.  Sci.  Phila.  1862,  236  {chrysurus). 

Type:  Sparus  chrysurua  Bloch. 

Et3nnology:  cixwc,  swift;  oupd  tail. 

The  skall  of  the  single  species  now  referred  to  Ocyurus  deviates  so 
far  from  that  of  the  ordinary  Lutjaniis  that  its  separation  as  a  distinct 
genus  seems  to  be  fully  justified.  The  species  shows  numerous  minor 
peculiarities,  as  the  peculiar  form  of  the  body,  the  large  caudal  fin,  the 
small  head,  as  well  as  an  increased  number*  of  gill-rakers  aud  the 
presence  (in  the  adult)  of  pterygoid  teeth. 

ANALYSIS  OF  SPECIES  OF  OCYURUS. 

a.  Qill-rakers  long  and  nnmerous,  about  20  developed  on  lower  part  of  arch;  month 
small;  lower  Jaw  projecting;  canines  small,  in  upper  jaw  only;  body  ellipticAl* 
elongate,  with  very  slender  caudal  peduncle ;  caudal  fin  deeply  forked,  longer 
than  head;  eye  small;  occipital  keel  high ;  preorbital  narrow;  teeth  on  Tomer  in 
an  anchor-shaped  patch ;  adult  with  a  narrow  baud  of  teeth  on  pterygoids;  scales 
small,  those  above  lateral  line  in  very  oblique  series;  soft  dorsal  and  anal  lo^f 
anal  spines  weak;    olivaceous,  somewhat  rosy- tinged;  abroad  yellow  lateral 
band,  with  yellowish  blotches  above  it  and  some  yellow  streaks  below  it;  cau^^ 
deep  yellow;  other  fins  mostly  yellow.    Head,  3^  in  length ;  depth,  3.    D.  X,  1^^' 
A.ni,  8or9.    Scales  8-65-16 Chrysubus,  23- 

23.  OCmmUS  CHRTSURUS.   (Tellow-taU;  Rablrabia.) 

Acarapiiamha  Marcgrave,  Hist.  Brasil.,  1648, 155. 

Rahirubia  Parra,  Descr.  Dif.  Piezas,  Hist.  Nat.,  pi.  20,  f.  1,  1787  (Cuba). 

SparuB  chryaurus  Bloch,  Ichthyol.,  taf.  262,  1790  (after  Marcgrave) ;  Lac^pMe,  1<^*^' 

Nat.  Poiss.,  IV,  115, 1803  (copied). 
Ch^mmistet  ohrysurus,  Bloch  &.  Schneider,  Syst.  Ichth.,  1801,  187  (copied). 
Me$oprion  chryaurus,  Cuv.  St  Val.,  ii,  459, 1828  (Martinique);  Guichenot,  Ramon d^^ 

Sagra,  Hist.  Cuba,  24,  about  1850  (Cuba) ;  Gunther,  i,  186,  1859  (Pu^^ 

Cabello,  Jamaica,  Triuidad). 
Ooyuru9  ohryaurm  Gill,  Proo.  Ac.  Nat.  Sci.  Phila.,  1862, 236  (name  only) ;  Poey,  Syn^^ 

sis,  295,  1868;  Cope,  Trans.  Am.  Philos.  Soc,  1871,468  (St.  Martins,  N  '^ 

Providence,  St.  Croix) ;  Poey,  Ennmeratio,  1875, 40 (Cuba) ;  Poey,  Bull.U.-^ 

F.  C.  1882,  118  (Key  West) ;  Jordan  &  Swain,  1.  c. ;  Jordan,  1.  c,  1890,  ^^ 

(Bahia). 
LuijanuB  ohrysuruSfVaiUant,  Miss.  Sci.  an  Mexiqne,  1875, 133,  pi.  v ;  Jordan  &  Gilbe^- 

Syn.  Fish.  N.  A.,  1883, 921 ;  Jordan,  Proc.  U.  S.  N.  M.  1884, 125  (Key  West^ ' 
Anthiaa  rdbiruhia  Bloch  &  Schneider,  Syst.  lohth.,  1801,  309  (after  Parra). 
SparuB  Bemiluna  Lac^p^de,  Hist.  Nat.  Poiss.,  iv,  141, 1803  (on  a  copy  of  a  drawixi^ 

by  Plumier). 
MeBoprion  aurovittatuB  Agassiz,  Spix,  Pise.  Brasil.,  pi.  66,  1829  (Brazil). 
OcyuruB  aurovittatuB^  Poey,  Syn.  Pise.  Cubens.,  1868,  295;  Poey,  Ennmeratio, 

(Cuba). 
OcyuruB  melanuruB,  Goode,  Proc.  U.  S.  N.  M.  1879, 114  (name  only;  after  Perea 

nura  L.,  which  is  a  Hamulon  and  not  a  LutJanuB), 
LutjanuB  melanuruB,  Jordan  &.  Gilbert,  Syn.  Fish.  N.  A.,  1883,  548. 
OeyuTHB  rijgerBmcei  Cope,  Trans.  Am.  Phil.  Soc.  1871, 468  (St.  Kitts). 
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Habitat:  Atlantic  coast  of  tropical  America,  southern  Florida  to 
•azil. 

Etymology:  xP^^^^j  gold;  obpdy  tail. 

This  species  is  very  abundant  at  Key  West,  where  it  is  known  as 
yellow-tail."  In  Cuba  it  is  perhaps,  next  to  X.  analis  and  L.  synngriSj 
le  commonest  of  the  snappers.  It  is  there  known  as  the  roMriibia. 
The  synonymy  of  this  species  offers  little  diflBculty,  The  earlier 
imes,  chrysurusj  rabiruhia^  aemiluna^  seem  to  admit  of  no  doubt. 
uramttatus  is  admitted  as  a  distinct  species  by  Poey,  who  has  seen  it 
[tonce,  and  distinguishes  it  by  the  absence  of  yellow  spots  on  the 
ck.  Without  further  evidence  we  can  not  regard  the  claims  of  auro- 
'tatus  to  distinction  as  worthy  of  consideration.  The  use  of  the  name 
lanurua  for  this  species  by  Dr.  Goode  is  certainly  an  error.  There 
1  be  no  reasonable  doubt  of  the  pertinence  of  Perca  melanura  L.  to 
miulon  melanurum  {dorsale  Poey).  We  have  examined  the  specimens 
m  St.  Edtts,  described  by  Prof,  Cope  under  the  name  of  Ocyurus 
fersmwi.  These  without  much  doubt  are  simply  brightly-colored 
ilts  of  this  species, 

>pecimens  of  this  common  species  are  in  the  museum  at  Cambridge, 
m  Eio  Grande  del  Forte,  Eio  Janeiro,  Cear4,  Porto  Seguro,  and  Nas- 
u  It  is  evident  from  the  collections  made  by  Agassiz  in  Brazil  that  the 
tjanine  fishes  of  that  region  are  identical  with  those  of  the  West 
Uan  fauna.  , 

IV.  KHOMBOPLTTES. 

omboplites  Gill,  Proc.  Ac.  Nat.  Sci.  Pbila.  1862,  237  (auroruhem), 

^ype:  Centropristis  aurorubens  Cuv.  &  VaJ. 

Etymology:  fiofii^o<;^  rhomb/,  6itXtTrj<;j  armed;  from  the  form  of  the 

*>tterine  patch  of  teeth. 

^his  genus  is  closely  allied  to  Lutjanus^  but  the  cranial  peculiarities 

d  extension  of  the  viUiform  teeth  over  the  pterygoid  and  hyoid  bones 

^na  to  warrant  generic  separation.    The  form  of  the  vomerine  patch 

^th  is  also  somewhat  peculiar.    But  oiie  species  is  known. 

ANALYSIS  OF   SPECIES   OF  RHOMBOPLITES. 

^ye  large,  3i  to  4  in  head;  scales  small,  10-72-19;  gill-rakers  nnmerons, about  18 
l>elow  angle;  dorsal  spines  twelve,  high  and  slender;  vomerine  teeth  arranged 
an  a  A-like  patch;  lower  jaw  projecting;  preorbital  narrow;  caudal  rather 
deeply  forked;  color  vermUion  red,  with  sinuous  golden  streaks;  fins  red;  iris 
:red.  Head,  3i ;  depth,  3^.   Scales,  10-72-19.  D.  xii,  11 ;  A.  in,  8.  Aurorubbns,  24. 
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24.  RHOMBOPLITB8  AURORXJBENS.    (Cagon  de  lo  Alto.) 

CentroprUiU  auroruhens  Cuv.  &  Val.,  Hist.  Nat.  Poisa.,  iii,  45  (Brazil,  Martiiii^^*» 

San  Domingo) ;  Storer,  Synopsis,  1846,  288  (copied). 
Afesoprion  aurorubenSy  GUnther,  i,  207,  1859  (Jamaica). 
lihomboplites  auroruhens  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1862,  236;  Goode  &  g^tai^, 

Proc.  U.  S.  N.  M.  1879, 136  (Charleston,  Pensacola) ;  Bean,  Proc.  U.  S.  ^^-  ^■ 

1880, 96  (Charleston) ;  Jordan,  Proc.  U.  S.  N.  M.  1884  (Pensacola) ;  Jo:«"^>^^ 

&  Swain,  I.e. ;  Jordan,  1.  c,  1890,  319  (Bahia). 
Lutjanus  auroruhens,  Vaillant  &  Boconrt,  Miss.  Sci.  au  Mexique,  1875;  Jordi^: 

Gilbert,  Syn.  Fish.  N.  A.,  188.3,  549. 
Mesopriou  elegans  Poey,  Meuiorias,  ii,  153,  1860  (Cnba.) 
Rhomhopliies  clegans,  Poey,  Repertorio,  ii,  158,  1868;  Poey,  Synopsis,  1868, 295;  \ 

Enumeratio,  1875,  31. 
Jprion  ariommus  Jordan  <&  Gilbert,  Proc.  U.  S.  N.  M.  1883,  142  (Pensacola). 

Habitat:  West  Indies,  nortli  to  Charleston,  south  to  Rio  Janeiro^ 

Etymology:  Aureus^  golden;  rt^j^^n^,  reddish. 

This  species  is  not  uncommon  in  deep  waters  as  far  north  as  GhairT 
ton  and  Pensacola.  It  is  not  unfrequently  seen  in  the  markets  of  i=^*- 
vana,  where  it  is  known  as  ca{i(m  or  cagon  de  to  alt4).  Specimens  fjrcr^ffl 
Pensacola  and  Havana  are  iully  identical.  Specimens  from  the  co^fc-^^ 
of  Carolina  are  somewhat  deeper  than  those  from  Cuba,  and  with  t>l3e 
yellow  streaks  more  pronounced,  becoming  dark  brown  in  spirits.  CP^m^^ 
of  these,  in  the  U.  S.  National  Museum,  has  13  dorsal  spines.  It  ^^ 
not,  however,  otherwise  essentially  different. 

We  see  no  reason  to  doubt  that  this  species  is  the  original  Centrapr^^^' 
Us  auroruhens  of  Cuv.  &  Val.  We  therefore  adopt  the  earlier  na»i**^ 
instead  of  the  name  elegaiiSj  given  to  it  by  Poey.  The  young  specime^os 
taken  from  the  stomachs  of  red  snappers  at  Pensacola^  and  descril>^ 
by  Jordan  &  Gilbert  as  Aprian  ariommusj  seem  to  be  the  young  of  til*^^ 
species.  The  pterygoid  teeth  are  undeveloped,  and  covered  by  skiK*  ^ 
young  examples. 

Specimens  of  Rhomboplites  auroruhens  are  in  the  museum  at  0 
bridge  from  MaranhSo  and  Bio  Janeiro. 

-  V.  APSILUS. 


ApaUuB  Cuv.  &,  Val.,  Hist.  Nat.  Poisa.,  \%  1830,  548  {fuscus), 

TropidiniuB  (Gill  MS8.),  Poey,  Synopsis  Pise.  Cnb.,  1868,  296  (amiZlo^deiitofiM). 

Type:  Apsilus  fuscus  Cuv.  &  Val. 

Etymology :  a  privative ;  tf'Mq,  bare  or  bald ;  the  meaning  not  evide 
This  very  distinct  species  has  essentially  the  cranial  structure 
Lutjanusj  with  the  scaleless  fins,  peculiar  squamation,  and  dentition 
Aprian,  We  have  examined  the  East  Indian  species,  Apsilus 
and  find  it  generically  identical  with  the  American  species,  which  m 
therefore  be  placed  in  ApsiluSj  leaving  Tropidinius  as  a  synonym. 
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ANALYSIS   OF    AMERICAN    SPECIK8  OF   AP8ILUS. 

lody  rather  deep  (depth,  2|  in  length) ;  head  large,  3  in  body.  D.  x,  10 ;  A,  iii,  8 ; 
flcales  small,  regularly  arranged,  8-60-16 ;  those  above  lateral  line  in  series  parallel 
^ith  the  lateral  line;  gill-rakers  numerous,  about  17  on  lower  part  of  arch; 
month  rather  small,  the  canines  moderate ;  tongue  toothless ;  vomerine  teeth  in 
«A*Bhaped  patch ;  preorbital  narrow ;  caudal  well  forked ;  anal  spines  graduated ; 
last  rays  of  anal  slightly  produced,  the  lobes  pointed;  color,  dusky  violet,  with- 
out distinct  markiogs Dentatus,  25. 

25.  APSILUS  DSNTATUS.     (Amillo.) 

ilu9  dentatua  Guicheuot,  in  Ramon  de  la  Sagra,  Hist.  Cuba,  Poiss.,  29,  pi.  1,  f.  2, 

1845  (Havana^. 
i^prion  dentatus,  Giinther,  I,  188, 1859  (Jamaica). 
pidinius  dentutus,  Jordan  &.  Swain,  1.  c. 
>j^rian  amillo  Poey,  Mem.  Ii,  154, 1860  (Cuba). 
^idinius  amillOf  (Gill  Mss.),  Poey,  Synopsis,  296,  1868  (Cuba);  Poey,  Enumeratio, 

30,  1875. 
r«iiM«  amillu8,  Cope,  Trans.  Am.  Philos.  Soc.  1869,  470  (St.  Croix). 

Eabitat:  West  Indies, 
itymology :  Dentatus^  toothed. 

Ilia  beautifdl  little  tish  is  rather  common  in  the  markets  of  Havana, 
are  it  is  known  as  arnillo.  The  name  dentatus  is  set  aside  by  Poey 
avor  of  his  later  name  arnillOj  because  the  species  is  a  Lutjanus 
tier  than  an  Apsilusj  and  all  the  Lutjdni  are  dentate.  Such  reasons 
not  sufficient  to  warrant  interference  with  the  law  of  priority.  The 
cies,  however,  is  a  genuine  Apsilusj  and  has  perhaps  stronger  teeth 
u  its  congener /twctt*. 

VI.  APEIOH. 

Ion  Cnv.  &  Val.,  Hist.  Nat.  Poiss.,  vi,  1830, 543  (vireacena), 
laDtopteroB  Temminck  &  Schlegel,  Fauna  Japonica,  Poiss.,  78, 1850  (duhiua). 
itipomoides  Bleeker,  Natuurk.  Tijdschr.  Nederl.  Ind.,  1852,  iii,  574  (typM), 
tyinins  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1863, 237  (vorax=maorophihalmu8) . 
paropals  Kner,  Fische  Mns.  Godeffroy,  1868,  303  (elongatua). 

Pype :  Aprion  virescens  Cuv.  &.  Val. 
Stymology:  a  privative;  Tzptatv^  a  saw. 

Phe  superficial  characters  separating  Aprion  from  Lutjanus  are  not 
y  important,  but  the  structure  of  the  upper  part  of  the  cranium  (in 
;  species  examined,  ma4yrophthalmu8  9>\i^  virescens)  differs  widely  from 
kt  of  Lutjanus^  Ocyurus^Rhomboplites^^nd.  Apsilv^^iAo^^^Y  resembling 
it  of  EteliSj  with  which  genus  Aprion  has  very  near  affinities. 
?he  American  species  (macrophthalmus)  has  been  made  by  Dr.  Gill 
tyi)e  of  a  genus  Platyiniusj  regarded  as  distinct  from  Aprion.  An 
»minatiou  of  Aprion  virescens  shows  that  our  species  has  the  same  form 
the  skull,  differing  chiefly  in  the  specific  characters  of  deex>er  body, 
iker  teeth,  and  narrower  preorbital.  It  is  strange  that  so  excellent  a 
aralist  as  Dr.  Klunzinger  should  regard  Aprion  merely  as  a  subgenus 
ler  Oentropristis  (Fische  des  Bothen  Meers,  p.  16). 
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ANALYSIS   OF   AMERICAN   SPECIES  OF   APRION. 

a.  Body  oblong-ulliptical,  the  deptli  3  in  length;  scales  large,  regularly  amoged, 
7-60-15,  those  above  lateral  line  in  series  parallel  with  the  lateral  line;  gill-raken 
numerous,  about  17  on  lower  part  of  arch;  mouth  rather  small,  the  caniDes 
feeble;  tongue  toothless;  opercle  ending  in  an  evident  spine ;  preopercle serrate 
on  angle;  vomerine  teeth  in  a  /^-shaped  patch;  caudal  well  forked;  analspintt 
graduated;  last  ray  of  dorsal  and  dual  produced ;  D.  x,  11;  A,  iii,8.  Head,  3; 
Color,  rose-red,  with  some  pearly  markings Macrophthalhus,  26. 

26.  APRION  MACROPHTHALMUS.    (Voras.) 

CentroprisiiB  macrophthalmus  Miiller  &,  Trosohel,  in  Schomb.  Hist.  Barbadoes,  666, 

1848  (young). 
Elastoma  nuicrophthalMuSj  Cope,  Trans.  Am.  Philos.  Soc.  1869,  468  (St.  Martins, New 

Providence,  St.  Croix). 
Aprion  maor ophtlialmuaj  J oTd&n  &,  Swain,  1.  c. 
Me9oprion  rorax  Poey,  Mem.  ii,  151,  1860  (Cuba). 
Flatyiniuavorax,  Gill,  Proc.  Acad.  Nat.  Sci.  Phila.  1863,  237  (generic  diagnoeis);  Poey» 

Synopsis,  292,  1868;  Poey,  Enumeratio,  31,  1875. 

Habitat :  West  Indies. 

Etymology:  tiaxp6<:^  large j  of^'a^/ioc,  eye. 

This  species  is  ratlier  commou  in  the  markets  of  Havana,  where  it  is 
known  as  vorazy  by  which  the  specific  name  vorcix  has  been  suggesteti' 

According  to    Poey  the  Centropristis  macrophthalmus  of  Miiller  & 
Troschel  was  based  on  the  young  of  this  species;  if  so,  the  latter  na©^ 
has  the  right  of  priority.    This  species  agrees  closely  with  the  descrip- 
tions of  Aprion  Jilamentosus  (Cuv.  &  Val.)  from  the  islands  east  of 
Africa,  but  it  would  be  premature  to  unit«  two  species  from  such  wid^^^ 
separated  localities  without  an  actual  comparison  of  specimens.    Py* 
Klunzinger  regards  the  two  species  as  identical.    According  to  ^^ 
account,  however,  A.  Jilamentosus  is  a  slenderer  fish,  the  depth  4Jiii  ^^^ 
total  length  (3f  in  A,  maerophthalmus),  and  the  scales  are  7-56-14,  ^^ 
caudal  more  deeply  forked,  the  lobes  3  times  the  middle  rays  (2f  tk^^ 
in  ours). 

Vn.  ETELIS. 

Etelia  Cuv.  &  Val.,  Hist.  Nat.  Poiss.,  ii,  127,  1828  (carbunculus), 
Elastoma  Swaiuson,  Nat.  Hist.  Fishes,  ii,  168,  202,  1839  (oculatua). 
Heaperanthias  Lowe,  Fishes  of  Ma<leira,  1843,  14  {oculaiua). 
Macrops  Dum<$ri],  Ichth.  Analytique,  1856,  279  (oculaiua). 
EteUs  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1862,  447. 

Type :  EteUs  carbuncuhi^  Cuv.  &  Val. 

Etymology:  EteltH,   a  name  used   by  Aristotle  for  some  fish  ^ 

recognizable. 

Tlie  synonymy  and  relations  of  this  interesting  genus  have  been  y^^^ 
discussed  by  Dr.  Gill  in  the  paper  above  cited.  In  spite  of  the  dif^^^ 
ence  in  the  form  of  its  dorsal,  the  relations  of  Etelis  with  Aprion  0^^ 
very  close.  The  skulls  in  the  two  are  almost  identical,  as  has  alrei^^ 
been  noticed  by  Poey  and  Gill. 
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ANALYSIS   OF  AMERICAN  8PKCIES   OF  ETRLIS. 

[y  elongate,  f asiform ;  caudal  peduncle  long,  slender ;  profile  convex  on  Bnout, 
ence  straightish  to  occiput;  the  nape  low,  not  keeled;  snout  short,  rather 
inted,  3f  in  head;  eye  very  large,  3  in  head;  preorbital  very  narrow,  its  least 
dth  14  in  head;  mouth  moderate,  oblique,  the  lower  jaw  projecting;  mazil- 
y  reaching  middle  of  eye,  2^  in  head,  its  surface  scaly;  two  canines  of 
per  jaw  very  sharp  and  projecting  forward  and  downward ;  canines  of  lower 
nr  not  dififerentiated ;  tongue  without  teeth;  vomer  with  a  narrow  A-8haped 
tch  of  teeth ;  gill-rakers  long  and  slender;  opercle  ending  in  an  evident  spine ; 
»xillary  with  about  12  scales ;  region  behind  eye  well  scaled ;  top  of  head  and 
>ut  naked ;  lower  jaw  with  a  few  imbedded  scales ;  base  of  soft  dorsal  and 
%i  Bcaleless;  dorsal  spines  rather  high  and  strong,  the  longest  spine  2  in  head, 
)  spines  thence  becoming  almost  regularly  and  gradually  shorter  to  last  spine, 
itch  is  little  longer  than  first  spine;  margin  of  soft  dorsal  straight,  the  rays 
n  head,  the  last  ray  slightly''  elongate ;  anal  similar  to  soft  dorsal ;  its  last  ray 
isiderably  produced;  anal  spines  slender  and  graduated;  caudal  very  deeply 
ked,  the  upper  lobe  the  longer,  its  length  four  times  length  of  middle  rays; 
per  lobe  almost  filamentous,  longer  than  head ;  pectorals  falciform,  reaching 
iiost  to  anal,  1^  in  head.  Color  in  life,  brilliant  rose-red;  bases  of  the  scales 
)per  and  belly  abruptly  paler  rosy ;  mouth  reddish  within ;  lining  of  gill-cavity 
Idish ;  fins  all  rosy ;  spinous  dorsal  and  caudal  bright  red,  the  other  fins  paler, 
ad,  3^ ;  depth,  3^.    D.  x,  11 ;  A.  iii,  8.    Scales,  5-53-12 ;  50  pores.    Oculatus,  27. 


27.  ETELIS  OCULATUS.    (Cachucho.) 

M  oculatM  Cuv.  &  Yal.,  ii,  1828,  266  (Martinique). 

aa  ociUaiuSf  Swainson,  Nat.  Hist.  Fishes,  ii,  168,  202,  1839  (generic  diagnosis). 

anthias  oculatuSy  Lowe,  Fishes  Madeira,  1843,  14  (generic  description). 

yristis  oculatuSj  Miiller  &.  Troschel,  in  Schomb.  Hist.  Barbadoes,  666,  1848. 

9  ocul4itu8j  Giinther,  i,  92,  1859  (Jamaica,  Madeira). 

HiulatuSf  Gill,  Proo.  Ac.  Nat.  Sci.  Phila.  1862,447  (Cuba);  Poey,  Synopsis,  292, 

1868  (Cuba);  Poey,  Enumeratio,  31,  1875;  Jordan  6l  Swain,  1.  c. 
}»  oculatua,  Dum^ril,  Ichth.  Aualytique,  1856,  279  (fide  Gill). 

[)itat:  West  Indies. 

mology:  Oculatus,  furnislied  with  eyes;  a  reference  to  its  large 

s  very  beantifal  species  is  abundant  in  tlie  markets  of  Havana, 
5  it  is  known  as  cachticho.  It  is  found  in  rather  deep  water,  with 
forms  as  Lutjanus  vivanusj  bticcaneUa;^  mahogoniy  Rhomboplites 
ubenSj  Aprion  macrophthalmusj  and  Apsilus  dentatus.  These  fishes 
little  lower  down  in  the  bathymetric  scale  than  Lutjanus  aya^ 
I  in  turn  inhabits  deeper  watet  than  the  other  Lutjani.  In  still 
r  water  is  found  Verilus  sordidusj  which  is  a  true  deep-water  fish. 
achiicho  reaches  a  length  of  2  feet  or  more,  and  is  esteemed 
Dod  fish.  The  synonymy  of  the  species  offers  no  complications, 
igh  its  generic  relations  have  been  often  misunderstood.  This  and 
other  Cuban  Lutjanince  bear  considerable  resemblance  to  certain 
lese  types,  but  it  is  improper  to  regard  them  as  specifically 
Lcal  with  their  Asiatic  representatives  until  specimens  have  been 
compared. 
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Vm  VERILU8. 

Verilus  Poey,  Memoriae  de  Cuba,  ii,  125, 1860  (sordidus). 

Type:  Verilus  sordidtLs  Poey. 

Etymology:  ^^Veril,  a  Spanish  word  meaning  ^hant  de  fond  coap^i 
pic/  apparently  an  allusion  to  the  form  of  the  teeth.  ^Ne  vous  mettez 
pas  en  peine  sur  Porigine  du  nom,  les  meilleurs,  ne  sont  pas  les  plus 
6tymologiques,  par  cela  meme  qu'ils  ont  une  signification  rarement 
exclusive.'^'    (Poey.) 

The  genus  is  technically  close  to  EUlis^  althoagh  the  single  known 
species  is  very  different  from  Etelis  oculutus.  The  cavemoas  character 
of  the  skull  is  the  most  striking  feature  of  the  genus  Verilus. 

ANALYSIS  OF  SPECIES  OF  VERILUS. 

a.  Body  oblong,  compressed,  rather  robust;  caudal  peduncle  short  and  thick;  head 
large;  profile  almost  straight  from  snout  to  origin  of  spinous  dorsal,  and  not 
at  all  steep;  snout  very  short  and  blunt,  4  in  head;  eye  very  large, 2|  in  head; 
interorbital  space  flat,  its  width  4?  in  head;  occipital  keel  very  low;  preorbital 
very  narrow,  7  in  eye,  nearly  20  in  head ;  maxillary  reaching  middle  of  eye, 2 in 
head ;  mouth  large,  oblique,  the  lower  jaw  projecting ;  upper  jaw  with  two  mod- 
erate canines  in  front ;  lower  jaw  with  two  or  three  small  canines  directed  nearly 
horizontally  backward ;  vomer  wi  th  a  narrowly  A-»h*P®d  patch  of  teeth ;  tongoe 
and  pterygoids  without  teeth;  gill-rakers  numerous,  their  length  almost  hau 
diameter  of  eye,  x  4-17;  preopercle  with  posterior  margin  weak  andflexihle? 
almost  entire,  becoming  somewhat  serrate  at  the  angle  and  on  lower  limb;  aca^^ 
large ;  the  rows  horizontal  below  the  lateral  line ;  those  above  rather  irrcgul*'^' 
the  series  running  upward  and  backward;  head  scaly  everywhere,  the  scal^ 
generally  smaller  than  on  body;  base  of  soft  dorsal  and  anal  somewhat  Bcsl^' 
spinous  and  soft  dorsals  entirely  separate ;  first  spine  4^^  in  second,  which  i^^* 
in  head,  the  spines  thence  becoming  gradually  shorter  to  ninth  spine,  ^h^^ 
about  equals  length  of  first  spine ;  last  rays  of  dorsal  and  anal  not  proda^^^ 
anal  similar  to  soft  dorsal,  its  margin  rather  more  concave ;  anal  spines  m^^ 
ate,  the  third  slightly  longer  than  second;  caudal  fin  short,  broad, ifioder^'*^ 
forked,  the  upper  lobe  longer,  its  length  scarcely  twice  that  of  middle  rays;  "w. 
torals  long,  reaching  to  origin  of  anal,  1^  in  head;  pseudobranchiie  very  eviiP 


Color  dusky  gray,  slightly  paler  below;  tips  of  spinous  dorsal  and  ven 
black,  the  fins  otherwise  colored  as  the  body ;  posterior  edge  of  caudal  du 
lining  of  gill-cavity,  peritoneum,  and  posterior  part  of  mouth  jet  black. 
2} ;  depth,  3.    D.  ix,  10 ;  A.  iii,  7.    Scales,  4-4S-9 ;  41  pores Sordidus^ 

28.  VERILUS  SORDIDUS.     (Eacolar  Chino.) 

Ferilv^ sardidus  Poey,  Memorias,  ii,  125,  1860,  tab.  12,  f.  6  (Cuba);  Poey,  Repertoi^^ 
II,  157,  1867;  Poey,  Synopsis,  291,  1868;  Poey,  Enumeratio,  32,  1875. 

Habitat:  About  Cuba  in  deep  water. 

Etymology:    SordiduSy  sordid,  from  the  dull  color,  in  contrast  wii^ 
the  brightness  of  Etelis  oculatus. 

This  species  is  rarely  taken  in  deep  water  off  the  coast  of  Cuba. 
is  known  to  the  fishermen  as  Escolar  chino.    It  has  never  been  se^^ 
elsewhere.     The  specimen  before  us  was  obtained  in  the  Hava^-^ 
market. 
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Subfamily  III.— XENICHTHYIN^. 

IX.  XEHOCTS. 

Docys  Jordan  &.  Bollman,  Proc.  U.  S.  N.  M.  1889,  160  (jessia). 

^ype:  Xenocys  jesaicc  Jordan  &  BoUman, 
Stymology:  ^^voc,  strange;  wxwc,  swift. 

This  genus  is  closely  related  to  Xenistius.  The  single  species  inhabits 
iky  shores  in  the  eastern  Pacific  and  is  a  fish  of  remarkably  grace- 
form. 

ANALTSIB  or  SPECIES  OF  XENOCTS. 

Body  elliptical,  compressed;  month  moderate,  the  lower  jaw  projecting,  the  broad 
maxillary  reaching  nearly  to  the  middle  of  pupil,  2\  in  head;  eye  large,  its 
length  less  than  snout,  3|  in  head;  preorbital  narrow,  2f  in  eye,  entire;  teeth 
very  small,  the  hands  wider  than  in  XemuiiuB  califomien^;  those  on  vomer  in  a 
A-shai>ed  patch ;  nostrils  minute,  close  together,  the  anterior  round,  the  poste- 
rior oblong;  preopercle  with  fine  serrsB,  the  lower  bluntish;  opercle  without 
■pines;  gill-rakers  long  and  slender,  x-f23;  cheeks  and  top  of  head  with  small 
scales ;  lower  jaw  and  snout  with  rudimentary  scales ;  maxillary  naked ;  scales 
on  body  small,  firm,  ctenoid ;  dorsal  fins  wholly  separate,  the  spines  slender  and 
pungent,  the  fourth  half  of  head;  soft  dorsal  longer  than  anal,  its  base  }  of  an 
eye's  diameter  shorter  than  spinous  dorsal;  third  anal  spine  longest,  4  in  head; 
soft  parts  of  vertical  fins  covered  with  small  scales;  caudal  deeply  forked,  its 
peduncle  slender,  the  upper  lobe  1^  in  head ;  pectorals  long,  pointed.  If-  in  head ; 
color  grayish  black,  silvery  below,  with  7  distinct  straight  parallel  stripes  on 
back  and  sides,  extending  forward  on  top  and  sides  of  head;  fins  dusky,  except 
theventrals.  Head,  3i  in  length;  depth  2|.  D.  x-i,  13;  A.  ill,  11.  Scales, 
8-51-15 jESSiiE,  29. 

29.  XENOC78 .  JISSSIwS. 
Roey«  JesMor  Jordan  &,  BoUman,  Proc.  U.  S.  N.  M.  1889,  160  (Charles  Island). 

Babitat:  Galapagos  Islands. 

Btymology :  Named  for  Mrs.  Jessie  Knight  Jordan. 

Phis  species  is  known  from  numerous  specimens  (41166,  IT.  S.  N.  M.), 

3  longest  8^  inches  long,  taken  by  the  Albatross  at  Charles  Island, 

B  of  the  Galapagos. 

X.  ZENISTinS. 

Distills  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  1883,  920  (caZi/ontMiMM). 

type:  Xenichthys  caUforniensis  Steiudachner. 

Etymology:  ^^voc,  strange;  f<m'ov,  sail,  dorsal  fin. 

Chis  genus  contains,  so  far  as  known,  but  a  single  species.  It  is  closely 

ated  to  Xenichthysy  but  it  is  remarkably  distinguished  by  the  relative 

^elopment  of  the  vertical  fins. 
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ANALYSIS  OF  SPECIES  OF  XENISTIUS. 

a.  Body  oblong-elliptical,  the  back  a  little  elevated ;  head  compreiMCHl ;  mouth  modei- 
ate,  terminal,  very  oblique,  the  lower  jaw  strongly  protruding;  maxillary  uairo^i 
reaching  front  of  pupil,  2^  in  head;  eye  large,  3^  to  3^  in  head,  the  eye  su^^^^ 
and  the  bones  of  the  head  firmer  than  in  Xenichihys;  teeth  small,  sharp,  in  ^'^^ 
narrow  bands,  those  on  vomer  in  a  A'^^^P^d  patch,  but  so  small  as  to  be  BcskX<^^^? 
appreciable;  preopercle  with  fine  sharp serrse ;  nostrils  small,  round;  gill-r*^^^^ 
long  and  slender,  x  -f  15  to  20;  scales  small,  firm;  dorsal  fins  almost  sepavs>ted; 
spines  slender  but  pungent ;  third  dorsal  spine  longest.  If  in  head,  the  otbers 
gradually  shortened;  soft  dorsal  and  anal  similar  to  each  other,  short,  sl^ortei 
than  spinous  dorsal,  the  anterior  rays  much  higher  than  in  the  species  of  J^<tf»*<^^' 
thya;  first  soft  ray  of  anal  3  in  head ;  soft  dorsal  and  anal  scaly ;  pector^^^  ^^ 
rather  long,  1^  in  head,  not  reaching  vent ;  color  bluish  above,  silvery  l^*^^^^"'. 
continuous  dusky  stripes  on  upper  part  of  body,  3  above  lateral  line,  3  or  4  l»<^low; 
upi>er  fins  dusky,  lower  mostly  pale.    Head,  3  in  length;  depth,  3.  D.  xi — ^i»^2'» 
A.  in,  10;  lat.  1.,  52 Californiens:^8,30. 


30.  XENISTIUS  CAi:.IFORNIISNSI8. 

Xeniohthys  QalifomienaU  Steindachner,  Ichth.  Beitr.,  in,  3, 1875  (San  Diego) ;  St^K=^^' 
Bull.  Nat.  Mus.,  vii,  49, 1877  (Cerros  Island ) ;  Jordan  &  Gilbert,  Proc.  ^'^' 
N.  M.  1881,  278  (Cerros  Island);  Jordan  &  Gilbert,  Bull.  U.  S.  F.  C.  1^^' 
326  (Cerros  Island) ;  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  1883,  547  (C  -^rr« 
Island). 

XenisHua  califomienHs,  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  1883,  920  (generic  ^— ^lag* 
nosis) ;  Evermann  &  Jenkins,  Proc.  U.  S.  N.  M.  1891,  144  (Guaymas). 

Habitat:  Coast  of  lower  California^  from  Sail  Diego  to  Guaymaa.^ 

Etymology:  Prom  California. 

This  interesting  little  fish  seems  to  be  rather  rare  along  the  coa 
lower  California,  and  more  abundant  in  the  Gulf.  One  of  oar  s 
mens  was  taken  at  San  Diego  by  Mrs.  Bosa  Smith  Eigenmann, 
other  by  Jenkins  and  Evermann  at  Guaymas.  The  species  descri 
from  San  Salvador  as  Xenichthys  xenurus  by  Jordan  &  Gilbert  (P 
U.  S.  N.  M.  1881,  454)  is  a  species  of  Kuhlia,  a  genus  of  Serranida, 

XL  XEHIGHTHYS. 

Xenichthys  Gill,  Proc.  Acad.  Nat.  Sci.  Phila.  1863,  82  (xanti). 

Type:  Xenichthys  xanti  Gill. 

Etymology:  ^ivo<;^  strange;  ^x^^^y  fis^* 

This  genus  contains  two  species  from  the  eastern  Pacific.    It  sh 
a  remarkable  combination  of  characters,  well  justifying  the  na 
Xenichthys.    The  genus  is  certainly  allied  to  PomadxunSy  in  spite  of 
resemblance  to  the  Serranoid  genus  Kuhlia. 


1 


i 
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ANALYSIS  OF   SPECIES  OF  XENICHTHY8. 

Sectoral  fin  falcate,  about  aa  long  as  the  head  and  reaching  to  front  of  anal  fin ; 
eje  very  large,  2}  in  head;  snout  broad  and  flat;  mouth  oblique,  the  maxillary 
2^  in  head ;  teeth  quite  small,  those  on  vomer  scarcely  developed ;  none  on  pala- 
±ines  or  tongue;  lower  jaw  much  projecting;  preopercle  very  finely  serrulate; 
j^ill-rakers  slender  and  rather  long,  x-f-17;  nostrils  small,  oblong;  the  longest 
J-  pupil ;  body  compressed,  the  back  somewhat  elevated ;  longest  dorsal  spine  not 
lialf  length  of  head ;  soft  dorsal  and  anal  low,  covered  with  small  scales ;  caudal 
Forked ;  anal  spines  short,  graduated,  the  second  stouter ;  first  soft  ray  of  anal 
less  than  i  head;  head,  3  in  length;  depth,  3.    D.  xi-i,  17,  or  18;  A.  iii,  17. 

Scales,  56.    Color,  steel-blue  above,  silvery  below Aoassizii,  31. 

Pectoral  fin  short,  1^  in  head,  not  reaching  nearly  to  the  vent ;  eye  very  large,  3 
in  head ;  mouth  oblique,  the  dentition  much  as  in  X.  aga98izii ;  occasionally  very 
Binall  teeth  on  vomer ;  none  on  palatines  or  tongue ;  preopercle  with  weak,  sharp 
serrao  on  its  vertical  limb ;  gill-rakers  moderate,  the  longest  half  diameter  of 
pupil.  Form  of  the  preceding ;  third  dorsal  spine  longest.  If  in  head ;  soft  dorsal 
and  anal  low,  covered  with  small  scales;  caudal  forked;  anal  spines  small, 
graduated.  Head,  3  in  length ;  depth,  3.  D.  xi-i,  18;  A.  in,  17,  Scales,  10-54-14. 
Color,  bluish-gray,  silvery  below ;  upper  parts  with  7  or  8  faint  blackish  streaks 
along  the  rows  of  scales ;  mouth  yellow  within  in  life ;  fins  yellowish,  with  scat- 
tered black  specks,  the  edges  of  most  of  them  dusky ;  young  with  two  dark 
longitudinal  streaks  and  a  faint  spot  at  base  of  caudal Xanti,  32. 


31.  XENICHTH78  AOASSIZn. 

Ichikys  agasHzii  Steindachner,  Ichth.  Beitr.,  iii,  6,  1875  (Galapagos  Islands); 
Jordan  &  Gilbert,  Bull.  U.  S.  F.  C.  1881,  326  (copied). 

labitat:  Galapagos  Islands. 

Etymology:  Named  for  Louis  Agassiz. 

^nt  specimen  of  this  species  is  one  of  the  original  types,  received  by 

from  the  Museum  of  Comparative  Zoology.    It  is  very  close  to  the 

^t  si)ecies,  difliering  chiefly  in  the  length  of  the  pectoral. 

32.  XZSNICHTHT'S  XANTI. 

^kkthys  xanti  GiH,  Proc.  Ac.  Nat.  Sci.  Phila.  1863, 82  (Cape  San  Lucas,  description 
erroneous) ;  Jordan  &  Gilbert,  Bnll.'U.  S.  F.  C.  1881, 326  (copied) ;  Jordan  & 
Gilbert,  Proc.  U.  S.  N.  M.  1882, 360  (types  of  X.  xanti) ;  Jordan  &  BoUman, 
1.  c.,  1889,  181  (Panama). 

•iichtkys  xenaps  Jordan  &  Gilbert,  BuU.  U.  S.  F.  C.  1882,  325  (Panama). 

Gabitat:  Pacific  coast  of  tropical  America,  from  Cax)e  San  Lucas  to 

mama. 

Etymology:  JSTamed  for  John  Xantus. 

3!hi8  species  is  rather  abundant  at  Panama,  where  numerous  speci- 

^ns  were  obtained  by  Prof.  Gilbert.    The  original  types  of  X,  xa/nti 

e  young  examples  of  the  same  species.    In  the  original  description 

e  dorsal  rays  were  wrongly  counted  asxi-i,  14,  the  scales  of  the  lateral 

le  described  as  different  from  the  others,  but  no  difference  of  any 

portance  exists. 
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Subfamily  IV.— H^MULIN^. 
Xn.  HiEMULOH. 

Dlabaais  *  Desmarest,  Premiere  Decade  lohthyologique,  1823, 34  {parra;  fiwoUMaln; 

not  of  Hoifmannsegg,  Coleoptera,  1819). 
Hasmiilon  Cuvieri  R^gne  Animal^  ed.  2,  1829  (elegansj  etc.). 
OTthostCBChus  QUI,  Proc.  Acad.  Nat.  Sci.  Phila.  1862,  255  {maculicaudn). 
HaBmylum  (Scudder  Mss.)  Putnam,  Bull.  M.  C.  Z.,  1863, 12  {elegans,  etc.)- 
Dlabaais  (Soadder  mss.)  Putnam,  1.  c.  {album)  name  only). 
Anarmostas  (Scndder  uss.)  Putnam,  1.  o.  (name  only;  flavolineatum,  etc.). 
Batbystoma  (Scudder  mss.)  Putnam,  1.  c.  (name  only;  jeniguano,  etc.). 
Brachygenys  (Scudder  mss.)  Poey,  Synopsis  Piscium  Cnbensium,  1868,  319  (name 

only;  toeniatum), 
Lythmlon  Jordan  &  Swain,  Proc.  U.  S.  N.  M.  1884,  287  (flavoguttatum). 
Hasmulon  Cuv.  &  Val.,  Giinther,  Gill,  Poey,  Goode,  etc. 
DiabaaiB  Bennett,  Bleeker  et  auct. 

Type:  Hcemulon  elegans  CuyieT=8paru8  sciurus  Shaw. 

Etymology:  al/ia^  blood;  ouXov^  the  singular  of  oZXay  the  guniB. 

All  the  species  of  Hwmulon  are  American.    The  genus  is  very  closely 
related  to  Pomadasis  Lac^p^de  {=^Pristipama  Cuv.),  the  only  tangiW® 
points  of  difference  being  the  large  mouth  with  curved  gape  and  th^ 
closely  scaled  soft  dorsal  and  anal  fins.    All  the  species  have  more  or 
less  of  orange  on  the  inside  of  the  mouth,  a  trait  of  coloration  not  fotii^^ 
in  Pomaddsis.    The  amount  of  redness  is  greatest  in  those  species  h»^' 
ing  the  largest  mouth.    It  is  true  that  certain  species  of  PomcAx^ 
(humilisj  etc.)  have  the  mouth  larger  than  in  certain  species  of  Hc^^ 
Ion  {chrysargyreum).    It  is  also  true  that  while  the  soft  dorsal  and  an^ 
in  many  of  the  species  referred  to  Pomadams  are  free  from  scales,  ^^ 
certain  of  the  subgenera  or  genera  related  to  the  latter  genus  {Brachff' 
deutertiH,  Anisotremus)  these  fins  are  hardly  less  scaly  than  in  Haemul^^^ 
It  is  probably  also  true  that  certain  species  of  Hcemulon  {chrysargyre^^' 
are  more  closely  related  to  species  of  the  section  Brachydeutef^^ 
(axillaris^  nitidus,  leuciseus)  than  this  section  is  to  some  other  sp^'     fff* 
cies  usually  placed  in  the  same -genus.    There  is  no  doubt,  howeV^^'' 
that  the  species  of  Hcemulon  form  a  natural  group,  and  no  writer  siP^^ 
Desmarest  and  Ouvier  has  questioned  the  right  of  this  group  to  gen©^^^ 
rank.    It  ha«  been  generally  conceded  that  the  group  will  not  adt^^  ^ 
of  further  subdivision.    The  most  aberrant  of  the  species  (iiiaci*Zicaiee^^ 
was,  in  1862,  recognized  by  Dr.  Gill  as  the  type  of  a  distinct  gem 
OrihottcechuSy  distinguished  by  the  arrangement  of  its  scales.    In  1^ 
these  fishes  were  the  subject  of  an  elaborate  study  by  Mr.  Samuel 
Scudder.    Nothing  has,  however,  been  published  by  this  writer,  <^ 


*  Le  poisBon  que  je  viens  de  d^criro  me  paralt,  selon  les  principes  de  claBsificat^^ 
ichtbyologique  do  M.  Cuvier,  devoir  former  un  genre  h  part.    Je  lui  donne  le  n. 
do  DUibasiSf  tnu^aat^  {iransitio)^  pour  indiquer  ses  rapports,  d'une  part,  avec 
Acanthopterygiens  des  genres  Lutjan  et  Pristipome,  et  de  Tautre  aveo  les  poi 
places  dans  la  famille  dos  Squauiipennes.     (Desmarest.) 


-0^ 
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knowledge  of  his  conclusions  being  limited  to  a  nominal  list  published 
hy  Prof.  F.  W.  Putnam  (Bulletin  Mus.  Comp,  ZooL,  1863,  12). 

Xn  this  list  four  generic  names  are  recognized,  two  of  them  new,  but 
no^b  defined,  and  hence  not  requiring  notice.  The  species  are  thus 
£r>"oiip6d: 

HsBtnyhun,  formosum  (plumieri),  elegans,  arara  (plumieri), 

Dlabaaifl.  alhus. 

AnarmoBtofl^  flavolineatuSf  ierratua  {parr a), 

Bathystoina,  melanurum  (auroUneaium),  chrysopterum  (rimator), 

X«ater,  another  genus,  Brachygenys,  likewise  left  undefined,  was  pro- 
posed by  Mr.  Scudder  for  tceniatum  Poey.    It  is  mentioned  by  Poey 
(Syu.  Pise.  Oubens.,  1868,  p.  319).    We  are  unable  to  see  any  distinc- 
tion whatever  for  the  groups  called  Hcemulor^,  BiabasiSj  and  Anar- 
iff^ostuSy  and  think  that  if  these  be  recognized  as  genera  most  of  the 
remaining  species  should  be  elevated  to  the  same  rank.    Bathystoma 
and  Brachygenys  are  better  differentiated,  but  neither  in  our  opinion 
should  be  regarded  as  a  distinct  genus,    ^o  advantage  is  likely  to 
come  from  such  minute  generic  subdivision .    Most  writers  have  adopted 
for  this  genus  the  very  appropriate  name  of  HcBmulon,  given  to  it  by 
Cuvier  in  1829.    This  name  is  not  strictly  correct  in  its  form,  and  it  has 
been  sometimes,  with  a  greater  approach  to  classical  exactness,  written 
Bc^tmUum^  which  is  an  abridgment  of  the  full  form,  HcBmatulum.    By 
^  curious  blunder  several  purists  have  written  Hcemyluniy  which  is 
n^uch  worse  than  HcemuUm.    The  name  is  expressly  stated  by  Cuvier 
to  be  derived  from  al/ia,  blood,  and  ouXovy  the  singular  of  ouXay  the  gums. 
The  name  DicLbasis  of  Desmarest  (1823)  has  priority  over  Hcemulofiy 
^Qd  has  been  substituted  for  the  latter  by  Bennett,  Bleeker,  and 
.  others.    This  name  is,  however,  preoccupied  in  Coleoptera  by  the  genus 
I^uibasiSj  Hoffmannsegg,  1819.     There  appears,  therefore,  no  doubt  of 
^c  propriety  of  the  retention  of  the  name  Hceinulon.    HcemuUm  sciurus 
(Shaw)  (elegans  Ouvier),  the  first  species  mentioned  by  Cuvier,  may  be 
''^gard^  as  the  type  of  the  genus.    Twenty  species  of  ScemuUm  are 
^"^cognized  by  us  as  probably  valid.    These  we  arrange  in  five  sec- 
Wons  or  subgenera,  with  the  names  Hcemulany  Bathystoma^  Brachy- 
^^y«,  Lythrulon^  and  Orthostcechvs,    Of  these,  Hcemulon  contains  most 
^^  the  species  and  exhibits  a  greater  range  of  variation  than  the 
others.    The  young  fishes  in  this  group  differ  in  proportions  consider- 
ably fit)m  the  adults.    Besides  the  changes  usual  in  other  fishes,  we 
'^^^y  observe  that  in  Easmulon  the  young  have  the  snout  proportionally 
^H<ih  shorter,  so  that  the  maxillary,  although  also  much  shorter  in 
^''oportion,  extends  further  back  in  comparison  with  the  eye.    Nearly 
*11  the  species  have,  when  young,  two  more  or  less  sharply  defined, 
^^I'k,  longitudinal  stripes  along  the  side,  one  or  more  along  the  top  of 
^^  head,  and  a  dark  spot  at  the  base  of  the  caudal.    These  markings 
J^^^st  longer  in  some  species  than  in  others,  but  traces  of  them,  at 
^^^t,  may  be  found  in  the  young  of  nearly  all  the  species  of  iTcEmu^ou^ 
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Anisotreniusj  aud  P&madasis.  In  a  few  species  these  markings  persist 
during  life.  The  species  are  all  essentially  alike  in  respect  to  the  pores 
at  the  chin,  the  height  and  form  of  the  soft  dorsal,  the  form  of  the 
nostrils,  the  sqaamation  of  the  fins,  the  direction  of  the  lateral  line,  etc. 
These  common  characters  are,  therefore,  not  mentioned  in  the  following 
descriptions.    The  peritoneum  is  black  in  all  species  examined. 

In  the  descriptions  below  the  scales  above  the  lateral  line  are  counted 
vertically  from  the  first  dorsal  spine  to  the  lateral  line;  those  below  the 
lateral  line  from  the  first  anal  spine  obliquely  upward  and  forward  to 
the  lateral  line.  The  scales  in  a  longitudinal  series  are,  as  here  given, 
the  number  of  vertical  rows  above  the  lateral  line  from  head  to  base  of 
caudal.  This  number  is  practically  the  same  in  all  species  of  the  genus, 
the  variations  above  or  below  50  being  very  slight.  The  number  of 
oblique  series  of  scales  or  of  pores  in  the  lateral  line  is  in  all  cases 
about  10  fewer,  or  about  40. 

A17ALYSIS  OF  SPECIES  OF   H^EMULON. 

a.  Scales  above  lateral  line  arranged  in  very  oblique  series,  not  parallel  with  the 

lateral  line. 
b.  Jaws  snbeqiial,  or  the  lower  included;  mouth  little  oblique;  gill-rakers  compar- 
atively few  and  short, 
c.  Dorsal  spines  12  (sometimes  11  in  ^.  acudderi);  scales  large;  gill-rakers  few 

and  small  (10  to  14  on  lower  part  of  an- 
terior arch);   frontal  foramen  a  single  or 
divided  slit  at  the  base  of  the  high  supra- 
occipital  crest  in  front. 
d.  Mouth  moderate  or  large,  itH  cleft  more  than  ^  length  of  head ;  back  more  or 

less  elevated;  second  anal  spine  strong, 
notably  longer  th an  third.     (  Hcgmulon. ) 
e.  Scales  below  lateral  line  anteriorly  not  esi>ecially  enlarged. 
/.  Scales  above  lateral  line  anteriorly  not  much  enlarged. 

g.  Maxillary  2^  to  2f  in  head,  not  reaching  center  of  eye  (in  adnlt). 
h.  Back  aud  sides  without  yellow  or  blue  stripes;  each  scale  abore 

with  a  median  blackish  spot,  these  form- 
ing undulating  lines  (spots  rarely  obsolete 
in  adult,  obscure  or  wanting  in  young^^^ 
maxillary  2\  to  2f  in  head, 
t.  Scal«»8  in  a  vertical  row  from  first  dorsal  spine  to  lateral  line  7  « 

8  (9  in  oblique  series). 
j.  Mouth  rather  small,  maxillary  scarcely  rea<;hingt<o  front  o{e^~^^\ 

back  elevated ;  preorbital  very  deep^  "^ 
.least  breadth  greater  than  length  of  ^1^ 
in  adult,  4i  to  4|  in  head  in  young;  soccr^^"^ 
anal  spine  not  reach  iug  to  tip  of  last  r^^^-^' 
snout  long  and  pointed,  2J-  to  2f  in  hei^^^' 
k.  Sides  with  about  six  dark  vertical  bars;  sides  of  head  wi     ^" 

blackish  spota  like  those  of  body ;  dors=-^' 
spines  not  graduated;  2d  anal  spine  wh^^ 
depressed  not  reaching  tip  of  last  spin^* 
Head,  3;  depth,  2f.     Scales,  7-51-14.    D. 
XII,  17;  A.  ni,  9 Skxfasciatum,  33. 
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Jck,  Sides  without  dark  bars;  head  unspotted;  dorsal  spines 

graduated;  second  anal  spine,  when  de- 
pressedy  reaching  beyond  tip  of  last  spine. 
Head,  3;  depth,  2f.  D.  xii,  16;  A.  in,  7. 

Scales,  7  (or  8)-46  to  48-16 Album,  34. 

jj  Mouth  rather  large,  maxillary  reaching  front  of  pupil ;  back 

little  elevated;  preorbital  rather  narrow, 
its  least  width  5  in  head;  second  anal 
spine  reaching  tip  of  last  ray ;  snout  rather 
long  and  pointed,  2^  in  head ;  back  and 
sides  with  4  or  5  black  longitudinal 
streaks,  which  disappear  only  in  very  old 
examples.  Head,  2f ;  depth,  2f .  D.  xii, 
16;  A.  in,  8.    Scales,  7-51-13. 

Macrostoma,  35. 
ii.  Scales  in  a  vertical  row  from  first  dorsal  spine  to  the  lateral  line, 

five  or  six. 

Z.  Series  of  scales  from  scapular  scale  extending  backward  to 

front  of  soft  dorsal ;  snout  rather  long  and 
pointed;  mouth  small;  the  maxillary  2f 
to  3  in  head;  dorsal  raysxii,  16;  pectoral 
fins  long,  f  length  of  head ;  black  spots  on 
sides  coalescing  in  continuous  stripes. 
Head,  2^;  depth,  2f.  Scales,  5-44-10.  D. 
XII,  16 ;  A.  Ill,  8 BoNARiENSK,  36. 

II.  Series  of  scales  from  scapular  scale  not  extending  farther 

backward  than  the  middle  of  spinous  dor- 
sal ;  snout  shorter,  not  very  acute ;  mouth 
larger,  the  maxillary  about  2^  in  head; 
premaxillary  spine  about  3  in  head ;  dark 
spots  on  scales  not  coalescent. 
m.  Depth  of  body  about  2|  in  length ;  pectoral  fins  short, 

less  than  f  length  of  head ;  scales  above 
lateral  line  scarcely  enlarged.  Head,  3; 
depth,  2f.    Scales,  &-50-14.    D.  xii,  14; 

A.  Ill,  7 Parra,  37. 

mm.  Depth  of  body  2^  in  length ;  pectoral  fins  long,  more 

than  I  length  of  head ;  scales  above  lateral 
line  somewhat  enlarged  (in  adult).  Head, 
3i;    depth,  2^.     Scales,  5-49-13.     D.  xi, 

xii-16, 15 ;  A.  in,  7 Scudderi,  38. 

hh.  Back  and  sides  with  distinct,  horizontal,  yellow  stripes,  fading, 

but  not  disappearing,  in  spirits;  no  black 
spots  anywhere;  vertical  fins  usually 
dusky  yellow ;  scales  of  sides  slightly  en- 
larged; maxillary  2^  in  head,  reaching 
front  of  pupil ;  body  not  very  deep ;  snout 
short,  not  i  length  of  head;  second  anal 
spine  whQn  depressed  reaching  tip  of  last 
ray,  its  length  about  half  head.  Head, 
3 ;  depth,  2 J.    Scales,  7-55-14.    D.  xii,  16 ; 

A.  Ill,  8 Carbonarium,  39. 

gg.  Maxillary  nearly  or  quite  half  length  of  head,  reaching  center  of 

eye  in  adult;  no  black  spots  or  stripes 
anywhete  in  the  adult  (except  under  angle 
of  preopercle). 

H,  Mis.  113 30 
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n.  Back  and  sides  with  rows  of  round  silvery  spots^  one 

on  each  scale ,  these  forming  streaks  which 
follow  the  direction  of  the  rowR  of  scales; 
ground  color  light  olive-brown ;  anal  high; 
a  black  blotch  at  base  of  C4indal ;  fins  all 
yellow ;  body  rather  elongate,  the  depth 
nearly  3  in  length;  the  snout  pointed; 
maxillary  about  2 J-  in  head;  second  anal 
spine  2i  in  head.  Head,  3;  depth,  2|. 
Scales,  7-n50-14.     D.  xii,  16 ;  A.  ill,  8. 

SCHRANKI,  40. 

nn.  Back  and  sides  with  continuoas  yellow  stripes,  which 

are  horizontal  and  do  not  everywhere  fol- 
low the  direction  of  the  rows  of  scales; 
ground  color  bluish-gray;  back  with  a 
well-defined  blackish  area  from  first  dorsal 
spine  to  base  of  caudal,  this  color  cover- 
ing most  of  soft  dorsal  and  middle  of  cao- 
dal  lobes ;  body  rather  elongate,  the  depth 
3  in  length;  snout  moderate;  second  anal 
Hpine  2f  in  head.  Head,  3;  depth,  3. 
Scales,  8-56-17.    D.  xii,  16 ;  A.  m,  8. 

Melanurum,  41. 

nnn.  Back  and  sides  of  head  and  body  w^ith  continnoos 

blue  stripes,  horizontal,  and  not  every- 
where following  the  rows  of  scales ;  groond 
color  bright  yellow ;  fins  yellow,  the  cau- 
dal dusky  at  base;  snout  moderate;  teeth 
strong,  the  anterior  canine-like;  second 
anal  spine  2iin  head ;  depth,  2}  in  length. 
Head,2f;  depth,  2).     Scales,  7-^3-14.    D. 

XII,  16;  A.  Ill,  8 SciUBUS,42. 

ff.  Scales  iibove  lateral  line  anteriorly  much  larger  than  the  other  scalei; 

sides  of  head  with  bright  blue  stripes, 
which  extend  for  a  short  distance  only  on 
body;  body  without  distinct  marking; 
month  very  large,  its  cleft  more  than  half 
head  (in  adult) ;  premaxillary  spine  2^ in 
head ;  anterior  profile  somewhat  concflTe, 
the  snout  sharp,  projecting;  anal  niha 
high,  its  second  spine  2^  in  head.  Ile^ 
2f ;  depth,  2|.    Scales,  5-50-17.    D.  m. 

16;  A.  Ill,  8 Plumiebi,^ 

et.  Scales  below  lateral  line  anteriorly  much  enlarged;  head,  back,  andsi^^ 

with  continuous   bright   yellow  strip**) 
those  below  following  the  direction  of  u*® 
scales,  and  therefore  extremely  nndnl'*' 
ing  for  the  most  part;    body  with  *▼<> 
longitudinal  black  lines,  the  lower  ni&' 
ning  from  snout  to  base  of  caudal,  esdiBg 
in  a  black  spot,  the  upper  commenciBg  is 
front  of  nostrils  and  separated  from  pn- 
ceding  by  a  pale  band,  extending  l>act- 
wards  to  posterior  end  of  soft  dorsal; 
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region  in  front  of  dorsal  witli  black  medi- 
an line ;  other  short  black  lines  on  head ; 
black  spot  at  angle  of  preopercle  pur- 
plish-silvery in  spirits;  fins  yellow;  pos- 
terior teeth  canino-liko ;  body^  rather  deep ; 
snout  short ;  mouth  not  large,  the  maxil- 
lary 2i  in  head;  anal  high,  its  second 
spine  2  in  head.  Head,  3;  depth,  2f. 
Scales,  6-50-11.     D.  xii,  14;  A.  Ill,  8. 

FlavolineatUxM,  44. 
<id.   Mouth  small,  its  cleft  less  than  ^  length  of  head;  body  rather  elongate; 

second  anal  spine  small ;  back  and  sides 
with  longitudinal  yellow  stripes;  teeth 
weak;  gill- rakers  rather  few  and  small; 
snout  very  short,  2f  in  head ;  frontal  for- 
amina separate  and  placed  some  distance 
^in  front  of  the  very  low  snpraoccipital 
crest;  premaxillary  spine  very  short,  H 
in  head.  (Brachygenys  Scudder.) 
o.  Body  elongate ;  the  biick  not  elevated,  the  depth  3^ 
to  3f  in  body ;  eye  very  large,  3  in  head ; 
maxillary  3  to  3^.  in  head,  reaching  little, 
if  any,  past  front  of  eye;  anal  moderate, 
its  spines  small,  the  second  2f  in  head; 
fins  all  yellow;  the  caudal  dusky  in 
adult.  Head,  3^;  depth,  3^.  Scales, 
7-52-13.    D.  XII,  14;  A.  iii,  9. 

Chrysargyrrum,  45. 
c€.  Dors^  spines  13;  anal  tin  low;  preorbital  low ;  gill-rakers  in  moderate  or 

rather  large  numbers,  12  to  18  on  lower 
part  of  arch;  lower  jaw  not  projecting; 
mouth  little  oblique ;  body  comparatively 
elongate,  the  depth  2f  to  3^  in  length: 
body  with  longitudinal  yellowish  stripes ; 
scales  rather  small ;  frontal  foramina  long 
divided  slits  in  front  of  snpraoccipital 
crest;  size  small.  (BathystovM  Soudder.) 
p.  Mouth  large,  the  maxillary  reaching  middle  of 
eye,  its  length  about  half  head;  gill- 
rakers  rather  short  and  few ;  scales  mod- 
erate, 50  to  55  in  the  lateral  line ;  second 
anal  spine  scarcely  larger  or  longer  than 
third,  2f  or  more  in  head. 

q.  Body  oblong,  the  back  moderately  elevated, 
the  depth  2f  to  3  in  length.  Head,  2^; 
depth,  24.  Scales,  8-51-13.  D.  xm,  15; 
A.  Ill,  8 RiMATOR,  46. 

qq.  Body  subfusiform,  the  back  little  elevated, 
the  depth  3i  to  3^  in  length.  Head,  3; 
depth,  3^    Scales,  8-51-13.    D.  xiii,  15; 

A.  Ill,  8 AUROLINEATUM,  47. 
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pp.  Month  rather  small,  the  maxillary  not  reaclxi^ 
to  opposite  middle  of  eye ;  its  lengtb  c 
quite  half  head;  gill-rakers  nomero 
rather  loug;  Hcales  small,  about  TO 
Literal  line;  second  anal  spine  not 
longer  and  larger  than  third;  body  eu 
elongate  than  in  other  species,  d^ 
about  3|  in  length.  Head,  3^;  depth, 
D.  XIII,  13;  A.  Ill,  7.     Scales,  7-70-lS- 

Striatdm, 
bh.  Lower  jaw  projecting  beyond  upper;  snout  very  short;  gill-rakers  comp 

tively  long  and  slender,  about  22  on  lo  ^^ 
part  of  anterior  arch;  frontal  forazca^- 
two  short  slits  close  together  just  in  fir'^^i 
of  the  high  supraoccipital  crest.  (JLr 
rulon  Jordan  &  Swain.) 
r.  Mouth  small,  very  oblique,  the  maxilJ. 
reaching  pupil,  2^  in  head;  head  sh 
3|  to  3|  in  length;  body  rather  d€ 
anal  fin  very  low,  its  longest  ray,  -vr 
depressed,  not  nearly  reaching  middl 
last  ray;  second  annl  spine  little  lo: 
than  third ;  scales  of  back  and  sides 
with  a  pearly  spot,  these  forming  um 
lating  streaks;  dark  blotch  at  b 
caudal.  Head,  3|;  depth,  3|.  Scsb* 
5-50-14.     D.  xii-xiii,  15;  A.  iii,  9. 

Flaviguttatum, 
aa.  Scales  above  lateral  line  arranged  in  longitudinal  series,  which  are  throngl»^ 

parallel  with  the   lateral   line;    do 
spines  13  (or  14);  frontal  foramina 
rowly   oval,  wholly  separate,  some 
tance  in  front  of  the  low  supraoccip 
crest;    premaxillary  spine  short,  3^ 
head;  lower  jaw  projecting.     (Orihoi 
chus  Gill.) 
«.  Body    oblong,    the    depth    about   3 
length;  snout  short,  3i  in  head;  mo 
small,  the    maxillary   scarcely  reachi 
front  of  pupil ;  eye  large,  3|  in  head ; 
low ;  second  anal  spine  little  stronger 
longer  than  third,  2^  in    head;    foa 
dorsal  spine  2 ;  sides  with  alternate  stri 
of  dark  brown  and  light  grayish,  t 
latter  formed  by  a  light  pale  spot  on  1 
center  of  each  scale;  a  dark  blotch 
base    of    caudal;    vertical    fins, 
Head,    3i;    depth,  21f.    Scales,    5-5 l-C 
D.  xiii  (XIV),  15 ;  A.  iii,  10. 

Maculicauda,  ^ 
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33.  HiBMULON    SBXFASCIATTTM. 

m-rngUm  9exfa$c%atu$  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1862,  254  (Cape  San  Lucas); 

Steiudachner,  Ichth.  Beitr.,  iii;  1875  (Panama). 
w%,mUm  sexfasciaium,  Jordan  &  Swain,  1.  c,  288;  Evermann  &  Jenkins,  Proc.  U.  S. 

N.  M.  1891, 153  (Guaymas). 
Emui«  $exfa9ciatu9y  Jordan  <&  Gilbert,  Bull.  U.  S.  F.  C.  1881  (824),  1882  (107,  110) 

(Mazatlan,  Panama) ;  Jordan  &,  Gilbert,  Proc.  U.  S.  N.  M.  1882,  361,  372, 

626  (Cape  San  Lucas,  Colima,  Panama) ;  Jordan,  Proc.  Ac.  Nat.  Sci.  Phila. 

1883,  286  (on  Peters's  type  of  maculosum). 
*nkulan  maculoaum  Peters,  Berliner  Monatsberichte,  1869,  705  (Mazatlan). 

Habitat:  Pacific  coast  of  tropical  America,  Guaymas  to  Panama. 
Etymology:  8eXj  six;  fasciatusj  banded. 

Xhis  species  is  the  Pacific  coast  representative  of  Hasmulon  alhumj 
^m  which  it  differs  strikingly  in  its  coloration.  It  reaches  a  similarly 
X7  large  size,  specimens  upwards  of  two  feet  in  length  having  been 
twined  atltf  azatlan  by  Prof.  Gilbert .  It  is  generally  common  along  the 
ujific  coast  of  tropical  America.  We  have  examined  the  types  both  of 
^iBmulon  sexfasciatum  and  Hceniulon  maculosum.  There  is  no  doubt  of 
eir  identity.  The  very  young  examples,  types  of  the  former  species, 
ow  the  crossbands  of  the  adult,  but  not  the  spots  on  the  head. 
Specimens  are  in  the  museum  at  Cambridge,  from  Acapulco. 

34.  BLZBMUIaON  ALBUM.     (Margate-fish;  Jallio;  Margaret  Omnt.) 

^tMtnarinagihhoaa  (Margate-fisli)  Catesby,  Nat.  Hist.  Car.,  p.  2,  pi.  2, 1742  (Bahamas). 
•«a  gibhoaaWsklhAvan,  ArtediPisc,  1792,  348  (after  Catcsby),  (not  Perca  gihbosa  L.). 
^iiodon  gibboaus,  Bloch  &,  Schneider,  Syst.  Ichth.,  1801,  312  (name  and  part  of  de* 

scrip tion  from  Catesby;  excl.  syu.  pars). 
^^mtulon  gibbo9um,  Jordan,  Proc.  U.8.N.M.  1884,  126  (Key  West);  Bean  &  Dresel, 

Proc.  U.  S.  N.  M.  1884, 158  (Jamaica) ;  Jordan  <&  S^^ain,  1.  c,  290. 
^^nulon  album  Cnr.  &  Val.,  v,  241,  1830  (St.  Thomas);  Poey,  Repertorio,  i,  310, 

1867;  Poey,  Syn. Pise. Cnbens.,  1868,312  (Cuba,  Key  West);  Poey,  Enum. 

Pise.  Cnbens.,  1875, 45 ;  Giinther,  i,  311, 1859  (Jamaica) ;  Poey,  Bnll.  U.  S. 

F.  C.  1882,  118  (Key  West). 
Mmm  albus,  Putnam,  Bull.  M.  C.  Z.,  1863, 12  (name  only) ;  Jordan  dr.  Gilbert,  Syn. 

Fish.  N.  A.,  924, 1883  (copied). 
^^Hulon  microphthalmum  Giinther,  1, 306, 1859  (America). 
"miulan  chrysopterum  Goode,  Bull.  U.  S.  N.  M.,  v,  1876,  53  (excl.  syn.). 

habitat:  West  Indies,  Florida  Keys  to  Brazil. 

Stymology:  Albus^  ^yhite. 

^c^nuUn  album  reaches  a  length  of  two  feet  or  more,  and  is  an  im- 

tiant  food-fish  both  at  Key  West  and  Havana.    English-speaking 

ciermen  everywhere  call  it  margate-fish,  while  the  Spanish  call  it 

too.    Sx>ecimens  are  in  the  musenm  at  Cambridge  l^om  Havana, 

^san,  and  St.  Thomas. 

Iji  all  the  species  of  HitmuloUj  Cuban  specimens  are  decidedly  more 

^ky  than  those  from  Key  West.    In  several  species,  however,  certain 

^an  specimens  are  much  paler  than  the  average  even  of  Key  West 
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examples.    This  is  true  notably  of  sciurusj  carhonarium^  and jiarra.  Tbe 
pale  form  of  sciurus  has  even  received  a  different  8x>ecific  name  (mvIK- 
Uneatiun),  but  we  have  no  doubt  that  these  differences  depend  on  tbe 
character  of  the  water  or  the  bottom,  and  not  on  difference  of  species. 
This  is  evidently  the  Hcemulon  album  of  Cuvier  and  Valenciennes. 
Gi\iithei:'»  H,  microphthalmum  belongs  to  the  same  species.    Thema^x- 
gate-fish  of  Catesby,  erroneously  referred  by  Linnseus  to  his  Per^^^ 
ehrysoptera  [Pristipomafulvomaculatum),  and  by  Cuvier  to  his  J(Oi«te>^ 
chryHopterum  (rimatpr),  evidently  belongs  here.    The  Calliodon  gibhorm^* 
of  Bloch  and  Schneider  is  based  on  the  figure  of  Catesby,  which,  t>«D- 
gether  with  the  Perca  ehrysoptera  L.,  is  quoted  in  the  sjmonymy.   Still 
older  is  the  name  Perea  gihhosus  of  Walbaum,  likewise  based  cz^n 
Catesby's  margate-fish.    But  the  name  Perea  gibhosa  is  preoccupife^^i 
having  been  used  by  Linnaeus  for  the  common  sunfish,  Lepomis  gibbos^^^* 
The  name  Hcemulon  album  should  therefore  be  retained. 

35.  HiBMUIiON  MACROSTOMA. 

Hamulon  maci'ostoma  Glinther,  i,  308,  1859  (Jamaica);  Jordan  &  Swain,  1.  c, 

(copied). 
H(emulon  fremehundum  Goode  &  Bean,  Proc.  U.  S.  N.  M.  1879, 340  (Clearwater  Har^^^  ^'^^ 

Florida;  young);  Bean  &  Dresel,  Proc.  U.  S.  N.  M.  1884,  159  (Jamai^=^^^' 

Jordan  &  Swain,  1.  c,  297  (Key  West). 
Diahasis  fremebunduSj  Jordan  «&  Gilbert,  Syn.  Fisli.  N.  A.,  1883.  553  (copied); 

Cat.  Fishes  Exh.  Loudon,  1883,  57  (Garden  Key,  Florida). 

Habitat:  West  Indies,  north  to  Florida. 

Etymology:  /laxpo^jlong;  ffTo,«a,  mouth. 

Besides  the  specimens  examined  by  Jordan  &  Swain  (Clearw^*^*^ 
Harbor,  Key  West,  Jamaica)  we  have  examined  specimens  in     "fc^^® 
museum  at  Cambridge  from  Florida  and  St.  Thomas.    The  large  spF^^**" 
men  from  St.  Thomas,  a  foot  in  length,  is  perfectly  unicolor,  only  b^^^^ 
of  the  upper  scales  having  darker  centers.    After  careful  con8idei*a"C^*^^" 
we  have  decided  that  H.  macrostoma  Giinther  and  H,  fremebunc^ '^^ 
Goode  &  Bean  must  be  identical,  although  there  are  one  or  two  sl^  '^^ 
discrepancies  in  Giinther's  description.  . 


36.  HiBMULON  BONARIENSE.     (Black  Orunt;  Ronco  Prieto.) 

Haemulon  honarlenae  Ciiv.  &  Val.,  v,  1830,  254  (Buenos  Ayres). 

Hasmulon  canna  Cuv.  &  Val.,  Hint.  Nut.  Poiss.,  v,  233,  1830  (Martinique);  Gttn 

I,  311,  1859  (Jamaica,  Puerto  CabeUo);  Poey,  Repertorio,  i,  1867,  909 

*of  Agassiz,  1829). 
Hutmulon  noiatum  Poey,  Memorias,  ii,  179,1860  (Cuba);  Poey,  Synopsis,  317; 

£nnmeratio,  46. 
Uodmulon  retrocurrens  Poey,  Rej*.  Pise.  Cub.,  ii,  236,  461,  1868  (Cuba). 
Hamulon.  continuum  Poey)  Eniim.  Pise.  Cub.,  1875,  46  (Cuba);  Poey,  Anales         ^• 

Hist.  Nat.,  Madrid,  1881,  210  (Puerto  Rico). 
Batmulon  parraSf  Jordan  &.  Swain,  1.  c.,  292  (not  Dinbasia  parra  Desmarest). 

Habitat:  West  Indies,  south  to  Buenos  Ayres. 
Etymology:  From  Buenos  AyTe%. 


er, 
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riiis  specimen  is  known  to  us  from  several  siiecimens  in  the  U.  S. 
tiional  Museum,  from  different  points  in  the  West  Indies,  and  from 
?  types  of  H.  banariense  and  H.  canna  Cuv.  &  Val.  in  the  museum  at 
ris.  Two  specimens  sent  by  Poey  from  Havana  are  in  the  museum 
Cambridge.  One  of  these  (10576)  is  the  type  of  Hoemulon  notatum 
ey.  It  is  closely  allied  to  H.  parraj  differing  in  the  color,  in  the 
ger  size  of  the  scales  and  the  differences  in  their  arrangement,  and 
the  longer  snout  and  smaller  mouth. 

[The  synonymy  of  this  species  and  the  next  is  badly  entangled,  and 
are  not  sure  that  we  have  correctly  distributed  it  all.  Our  fish 
ins  to  correspond  to  the  Hcemulon  notatum^  continuum,  and  retrocur- 
n  of  Poey.  The  other  names  of  Poey  {acutum,  albidumj  and  serratum) 
m  to  refer  rather  to  the  next  species.  The  name  H,  canna^  having 
iH  first  used  for  U.  parra,  should  give  place  to  Hcemulon  honariense. 

37.  HAMULON  PARRA. 
<Sailor'a  Choice;  Ronco  Blanco;  Ronco  Prieto;  Bastard  Margaret.) 

wmulon  eaudimacula  Cnvier,  R^gne  Animal,  ed.  2,  1829  (on  Uribaco  Marcgrave  and 
Diabase  de  Parra  Desraarest);  Cuv.  &  Val,  v,  236,  1830  (Bahia,  Cuba); 
GUnther,  i,  1859,  313  (copied) ;  Poey,  Repertorio,  i,  1867, 310;  Jordan  &  Gil- 
bert, BuU.  U.  S.  F.  C.  1881, 322  (redescription  of  original  type). 

9^nlon  canjia  Agassiz,  Spix,  Pise.  Brasil.,  1829,  p.  130,  pi.  69  (not  of  Cuv.  Sc  Val.) 
(Brazil). 

^muhm  ckromU  (Broussonet  MSS.)  Cuv.  &,  Val.,  v,  242, 1830  (Jamaica) ;  Gtinther,  Cat. 
Fish.  Brit.  Mus.,  i,  310  (Bahia,  Jamaica). 

^anschromis,  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  1883, 924  (Garden  Key) ;  Beau,  Cat. 
Fish.  Exh.  London,  1883, 58  (Garden  Key). 

^aiU parra  Desmareat,  Prem.  Decade  Ichthyol.,  30,  tab.  2,  f.  2, 1823  (Havana). 

t^ulan parra,  Jordan,  1.  c,  1889, 648  (St.  Lucia) ;  Jordan,  1.  c,  1890,  319  (Bahia). 

(B»iii<m  acutum  Poey,  Memorias  de  Cuba,  ii,  180, 354, 1860  (Cuba);  Poey,  Synopsis, 
315, 1868;  Poey,  Enumeratio,  45, 1875;  3^an  &  Dresel,  Proc.  U.  S.  N.  M.  1884, 
158  (Jamaica) ;  Jordan  &  Swain,  1.  c,  294. 

^i^uhn  albidum  Poey,  Memorias,  ii,  181,  1860  (Cuba);  Poey,  Synopsis,  316;  Poey, 
Enumeratio,  46. 

^uloH  serratum  Poey,  Memorias,  ii,  181,  1860  (Cuba) ;  Poey,  Synopsis,  317 ;  Poey, 
Enumeratio,  46;  Poey,  Anal.  Hist.  Nat.  Madrid,  1881, 201  (Puerto  Rico). 

^•frmostus  serratuSy  Putnam,  Bull.  M.  C.  Z.,  12, 1863  (name  only). 

^ulon parra,  Jordan,  Bull.  U.  S.  F.  C.  1884;  Jordan,  Proc.  U.  S.  N.  M.,  1884, 126  (Key 
West). 

^Hulon  parrw  Castelnau,  Anim.  Nouv.  on  Rar.  Amer.  dn  Snd,  10, 1855  (Bahia). 

^^muloH  hrecirostrum  Gtinther,  Fishes  Ceutr.  Auier.,  1869,  419  (in  part,  specimen 
from  Puerto  Cabello). 

habitat:  West  Indies;  southern  Florida  to  Brazil. 

Btymology:  Named  for  Don  Antonio  Parra,  who  first  wrote  on  the 

tural  history  of  Cuba. 

Ihis  species  is  common  at  Key  West,  where  it  is  known  as  "sailor's 

oice."    It  is  not  very  often  brought  into  the  market,  on  account  of 

)  rather  small  size.    The  young  are  abundant  along  the  shores,  in 

imber  inferior  only  to  II,  plnmierl  and  II,  rimaior.    At  Havana  it  is 

ill  more  common,  being  brought  into  the  market  in  large  numbers 
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y  day.    The  darker  specimens  are  called  by  the  fisherman 
iOj  the  i)aler  ones  Ronco  bianco.    While  in  Havana,  Pix)fe8sor  Jord 
k  .especial  pains  to  select  specimens  representing  every  variety 
tn  and  coloration  in  this  species.    In  the  very  large  collection  secui 
i  find  specimens  answering  fairly  to  Poey's  serrutunij  aUndumy  acutu 
i  well  as  other  specimens  variously  intermediate.    A  type  of 
cutum  sent  by  Poey  to  the  U.  S.  National  Museum  is  identical  with  thi 
species,  as  is  also  the  type  of  H.  chromis  Ciiv.  &  Val.,  preserved 
;he  Museum  at  Paris.    The  original  type  of  Desmarest's  Diabasupa 
Is  still  i)reserved  in  the  Museum  at  Paris.    It  belongs  to  the  prese 
species,  for  which  it  is  the  oldest  name. 


in 


38.  HiBMULON  SCUDDBRI.    (Mpjaira  Prieta.) 

Hcmulon  scudderi  Gill,  Proc.  Ac.  Nat.  Sci.  Pbila.  1862,  253  (Cape  San  Lucas);  Steii 
dachner,  Iclitb.  Beitr.,  ni,  18, 1875;  Jordan  &  Swain,  1.  c.,296;  Jenkins 
Evemiann,  1.  c.  (Guaymas);  Jordan  &  Bollnian,  1.  c,  1889, 18I(PaDaiDa)C^ 

DiahaeU  acudderi  Jordan  &  Gilbert,  Bull.  U.  S.  F.  C.  1881  (324),  1882  (107,  IK 
(Mazatlau,  Panama) ;  Jordan  &,  Gilbert,  Proc.  IT.  S.  N.  M.  1882,  361, 
(Cape  Snn  Lucas,  Panama). 

HcBtnulan  hrevirostrvm  Giintber,  Fishes  Centr.  Amer.,  1869,  418  (Panama). 

Htemulon  uudecimale  Stoindacbner,  Ichtb.  Beitr.  ill,  1875,  11  (Acapulco,  Panama). 

Habitat:  Pacific  coast  of  tropical  America,  Guaymas  to  Panama. 

Etymology:  Named  for  Samuel  H.  Scudder. 

This  si)ecies  is  tbe  Pacific  representative  of  Hwmvlofi  parra.   I- 
reacbes  a  similar  size^  is  equally  abundant,  and  passes  through  a  simii 
lar  range  of  vafiations  and  coloration.    Most  of  the  species  collect 
by  Prof.  Gilbert  at  Mazatlan  and  Panama  have  11  dorsal  spines  an- 
eorrespond  to  the  Hccniulon  undecimale  of  Steindachner.    Two  or  thi 
[)f  them  have,  however,  12  dorsal  spines,  as  in  the  original  types 
H.  scudderi  and  H.  brevirostrum.    We  are  unable  to  detect  any  otb 
difference  of  importance  among  these  specimens,  and  refer  all  to 
HcudderiyTegBiTdiug  it  as  a  species  with  the  number  of  spines  indifferentuljr 
11  or  12.    No  other  species  of  Hceviulon  ever  has  fewer  spines  thau  X2. 
If  these  should  finally  i^rove  to  be  specifically  distinct,  the  form  W^th 
11  spines  should  stand  as  Hwmulon  undecimaley  that  with  12  spines  as 
Hce^nulon  scudderi. 

Specimens  are  in  the  museum  at  Cambridge  from  Lower  Califo*^j!J 
Acapulco,  and  Panama.    The  three  specimens  irom  Acapulco  hav"^ 
XII,  those  from  Panama  (types  of  H,  undecimale)  have  D.  xi. 


i^ 
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39.  H2BMULON  C ARSON ARIUM.    (Ronco  Carbonero.) 

Hasmulon  carhonarium Poey,  Memoriasde  Cuba,  ii,  176, 1860  (Cuba);  Poey, Syxic:^:^^^^^^*^^^ 
1868,  318 ;  Poey,  Euumeratio,  44, 1875 ;  Jordan  <&  Swain,  1.  c,  298 ;  Joi 
1.  c,  1890,  319  (Bahia). 

Habitat:  West  Indies,  south  to  Brazil, 
Etymology:  CarbonariuSy  coaly,  an  allusion  to  the  common 
This  species  is  common  at  Havana,  where  it  is  known  as  ronco 
^'^^wn?.    It  reaches  a  lengtliol  a\>o\3L\i\^  \\ie\i'ft^.    We  have  examL^^ 
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specimens  from  St.  Croix  and  Bermuda  iu  the  British  Museum,  where 
they'  are  labeled  llasmulon  indcrostoma.  In  the  museums  at  Washington, 
Cambridge,  and  Bloomington  are  specimens  from  Havana  and  Bahia. 

40.  H2IM17LON  SCHRANm. 

Un  9ckrank%  Agasaiz,  Splx,  Pise.  Brasil.,  1829,  121,  pi.  69  (Brazil) ;  Evermaun 
&  Jenkins,  Proc.  U.  S.  N.  M.  1891,  153  (Guaymas);  Jordan,  1.  c,  1889,  648 
(St.  Lucia);  Jordan,  1.  c,  1890,  319  (Bahia). 
msimilis  Castelnau,  Anim.  Noav.  ou  Rares,  1855,  11  f  (Bahia). 
Ion  caudimacula  Steind.,  Ichth.  Beitrage,  iii,  15,  1875  (Acapulco,  Rio  Janeiro, 
Rio  Grande  do  Sul,  Maranhao;  not  of  Guv.  &  Yal.). 
i>»afr<i«,'«  ateindachnen  Jordan  <&  Gilbert,  Ball.  U.  S.  F.  C.  1881,  322  (Mazatlan,  Pan- 
ama); Jordan  &  Gilbert,  Bull.  U.  S.  F.  C.  1882,  107,  110  (Panama,  Mazat- 
lan) ;  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1882,  361,  372  (Cape  San  Lucaa, 
Culima). 
rlon  steindachneri,  Jordan  &  Swain,  1.  c,  299. 

Ian  flaviguttatum  Bean,  Proc.  U.  S.  K.  M.  1880,  96  (Colima;  no  description; 
not  of  Gill). 

B^sibitat:  Pacific  coast  of  tropical  America^  coast  of  Brazil,  north  to 
St.  Lucia. 

Etymology:  Named  for  Schrank,  an  early  naturalist. 

-^   species  of  small  size,  generally  common  on  the  Pacific  coast  of 

^^^pical  America.    It  also  occurs  in  abundance  on  the  southeast  coast 

of  Brazil,  and  a  specimen  before  us  was  taken  by  the  Albatross  at  St. 

^^<ila.    We  have  examined  numerous  specimens  from  Brazil  in  the 

M^'txseum  of  Comparative  Zoology  (from  Eio  Janeiro,  Eio  Grand  do  Sul, 

P3.ra,  Maranhao,  and  Acapulco) ;  on  comparing  these  with  Pacific  coast 

^^^mples  we  can  find  no  difterence;  the  Brazilian  fish  seems  to  be  the 

^^i^nal  of  the  poorly  figured  Hcemulon  schranM  of  Agassiz ;  the  Pacific 

^^^^st  form  is  II.  steindachneri, 

41.  SmNUTLON  MELANURUM.     (Jeniguana.) 


marina  eauda  nigra  (Black-tail),  Catesby,  Hist.  Car.,  tab.  7,  f.  2, 1743  (Bahamas). 
^^9^  melanura  Linnteus,  Syst.  Nat.,  x,  292,  1758;  xii,  486,  1766  (based  on  Catesby's 

figure) ;  Gmeliu,  Syst.  Nat.,  1788, 1319. 
'^^tkjfitoma  melanurunif  Putnam,  Bull.  M.  C.  Z.,  1863,  12  (name  only). 
^<»nulon  melanumm,  Cope,  Trans.  Am.  Phil.  Soc.  1871,  471  (New  Providence,  St. 

Martins,  St.  Croix);  Jordan  ^  Swain,  1.  c,  300. 
^^mulon  dorsale  Poey,  Memorias,  ii,  179, 1860  (Cuba) ;  Synopsis,  1868,  308;  Enumer- 
atio,  1875,  44). 

Habitat:  West  Indies. 

Etymology:  /iiXa<;y  black;  oupd,  tail. 

This  species  is  rather  common  at  Havana,  where  it  is  known  as 
Jeniguana.  It  reaches  a  length  of  aboat  a  foot.  There  seems  to  be  no 
doubt  of  its  identity  with  the  "  black-tail"  of  Catesby,  on  which  is  based 
the  Perca  tnelanura  of  Linnseus.  Specimens  are  in  the  museum  at  Gam- 
bridge  from  Havana,  St.  Thomas,  Sombrero,  and  !Rassau. 
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42.  HiBMtriiON  SCIURUS.     (yellow  Grunt ;  Rouco  Amarillo.) 

Anthiac  formo8H8  Bloch,  Ichthyol.,  taf.323,  1790  (Antilles);  Bloch  «&  Schneider, Sjk-      'rt. 

Iclithyul.,  1801,  305.     (Not  Perca  formoaa  L.,  with  wliieh  it  is  ideutifie^^^; 

the  latter  is  IHplecirum  formoaum.) 
Sparua  aoiurua  Shaw,  General  Zoology ,  iv,  1803,  pi.  64  (basel  on  the  description  a^^^d 

figure  of  Bloch). 
Hijemulon  aciurus,  Jordan,  Proc.  U.  S.  N.  M.  1884,  126  (Key  West);  Jordan  &  Swai  n, 

1.  c,  301. 
HcpmuJon  elegana  Cavier,    R^gne  Animal,  1829  (no  description;   on  the  figure 

Bloch) ;  Cuv.  &  Val.,  v,  227, 1830;  GUnther,  i,  1859, 306  (Jamaica) ;  Pntnai 

Bull.  M.  C.  Z.,  1863,  12  (name  only);  Poey,  Repertorio,  i,  309, 1867;  Coj 

Trans.  Am.  Phil.  Soc.  1871,  471  (St.  Croix). 
JHabaaia  elegana,  Jordan  dc  Gilbert,  Syn.  Fish.  N.  A.,  923  (specimen  from  Aspinwall         )f 

Bean,  Cat.  Fisli.  Exh.  London,  1883,  58  (Key  West). 
JHabaaia  ohliqaatua  Bennett,  Zoological  Journal,  London,  v,  1835, 90  (Jamaica). 
Hcemtilon  luteum  Poey,  Memorias,  ii,  174, 354, 1860  (Cuba) ;  Poey,  Synopsis,  317;  Foe .v, 

Enumeratio,  44;  Poey,  AnalesHist.  Nat.,  Madrid,  1881,  201  (Puerto  Rico^^b). 
Hamulon  multilintsatum  Poey,  Memorias,  ii,  178,  1860  (Cuba);  Poey,  Synopsis,  31^9S; 

Poey,  Enumeratio,  44. 
Hamulon  hiana  Haly,  Ann.  Nat.  Hist.,  1875,  xv,  268  (Bahia). 

Habitat:  West  Indies;  Florida  Keys  to  Brazil. 

Etymology :  Sciurus,  squirrel,  from  the  grunting  noise.    The  apeci( ^ 

was  confounded  by  Shaw  with  the  squirrel-fisli,  Holocentrus  a8censcion^~'4. 

This  species  is  common  both  at  Key  West  and  Havana,  and  is  kuosu^  n 
as  the  "yellow  grunt"  or  ^^ronco  amarillo.^^    It  is  sometimes  calle=^ 
the  '^boar  grunt"  by  fishermen,  who  imagine  it  to  be  the  male  of  ^^Bi 
plumieri.    It  was  first  noticed  by  Bloch,  who  called  it  Anthiasformo^ym^j 
identifying  it  inconoctly  with  Perca /orwio^a  ot  Linnaeus.    Shaw,  wtiBO 
still  supposed  it  to  be  Perca  formosa  of  Linnaeus,  changed  this  nanc»« 
arbitrarily  to  Spariis  sciurus,    A  fair  description  and  figure  are  giveM; 
taken,  we  believe,  from  Bloch.    In  our  opinion  the  name  hHutus  shoul^i 
be  retained  for  the  species,  although  so  far  as  Shaw  was  concerned  it^ 
introduction  was  a  piece  of  meddling  impertinence.    Shaw's  synonynay 
includes  the  Linnajan  fish,  and  the  name  sciurua  is  taken  from  the  con*' 
mon  name  (squirrel-fish)  of  the  latter.    The  species  which  he  had  i^ 
mind,  is,  however,  the  present  one,  and  it  had  before  him  received  i>^ 
t'Cnable  specific  name.    This  confusion  was  first  detect-ed  by  Guviert 
who,  however,  failed  to  discriminate  between  the  Liniiaean  type  {Serra'f^^ 
formosiis)  and  the  figure  of  Cat^^sby  (representing  Hcemulon  plumie^^^ 
referred  by  Linnaeus  t/O  the  same  species.    Ouvier  called  the  speci^ 
elegana.    Later  Poey,  on  the  basis  of  inaccuracies  in  coloration  it% 
plate  representing  H,  elegans,  has  considered  the  Cuban  fish  as  distit^*^ 
under  the  name  of  luteum j  while  a  pale  variety  discussed  above  J^^^ 
been  called  multilineatum.    There  is  no  doubt  that  both  of  these  naii^      * 
should  be  regarded  as  synonyms  of  eUgans.    The  Di^ibasis  ohliquatu^    _^ 
Bennett  is  much  more  like  this  species  than  any  other  of  the  genus 
known.    We  think  that  it  belongs  here,  though  the  blue  stripes 
represented  as  more  oblique  and  more  numerous  than  we  have  ew 
seen  them.    Specimens  are  in  the  museum  at  Cambridge  from 
Porto  SeguTOy  St.  Thomas,  Berm\xd*A,  a.\\d  Puerto  Rico. 
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43.  H^IMULON  PI.UMIERI. 
(Common  Grunt;   Ronco  Ronco;  Ronco  Arar^) 

i  coara  hrodilienaibus  Marcgrave,  Hist.  Bras.,  1648,  163  (Brazil). 
marina  capUe  atriato  (the  Grunt),  Catesby,  Hist.  Carolina,  etc.,  tab.  6,  1743 
(Bahamas,  etc.). 

9  plumieH  Lac^pMe,  Hist.  Nat.  Poiss.,  in,  480,  1802,  pi.  2,  t  2  (on  a  copy  of 
a  drawing  by  Plamier,  identified  with  this  species  by  Cuvier). 

tUplumien,  Jordan  &  Gilbert,  Proc.  IT.  S.  N.  M.  1882,  603  (Charleston);  ibid., 
Syn.  Fish.  N.  A.,  1883,  971;  Beau,  Cat.  Fish.  Exh.  London,  1883,  58  (Key 
West). 

lonplumieri,  Jordan,  Proc.  U.  S.  N.  M.  1884, 126  (Key  West) ;  Jordan  &,  Swain, 
1. c,  303;  Jordan,  1.  c,  1889,  648  (St.  Lucia) ;  Jordan,  1.  c,  1890, 319 (Bahia). 

Ian  formosum  Cuvier,  R^gne  Animal,  1829;  Cuv.  &  Val.,  v,  1830,  230  (Marti- 
nique) ;  Giinther,  i,  305, 1859  (Pemambuco,  Jamaica) ;  De  Kay,  New  York 
Fauna,  1842,  86  (fNew  York);  Cope,  Trans.  Am.  Phil.  Soc.  1871,  470  (St. 
Croix,  New  Providence)  (not  Perca  formosa  L.). 

lumformonum,  Putnam,  Bull.  M.  C.  Z.,  1863,  12  (name  only). 

tisfarmosut,  Jordan  <&  Gilbert,  Proc.  U.  S.  N.  M.  1882, 276  (Pensacola) ;  Jordan 
&  Gilbert,  Synopsis  Fishes  N.  A.,  553. 

Um  areuaium  Cuv.  &  Val.,  ix,  481,  1833  (Charleston) ;  Holbrook,  Ichth.  S.  Car., 
1860, 124,  pi.  XVII  (Charleston) ;  Good©,  Proc.  U.  S.  N.  M.  1879,  113  (St.  Au- 
gustine; nodescr.);  Bean  &DreseI,  Proc.  U.  S.  N.  M.  X884,  158  (Jamaica). 

Ion  arard  Poey,  Memorias,  ii,  1860,  177  (Cuba);  Poey,  Synopsis,  1868,  318; 
Poey,  Enumeratio,  1875,  45. 

lum  arard,  Putnam,  Bull.  M.  C.  Z.,  1863,  12  (uame  only). 

Ion  Buharouatum  Poey,  Memorias,  ii,  1860,  419  (Cuba) ;  Poey,  Synopsis,  1868, 
318;  Poey,  Enumeratio,  1875,  45. 

bitat:  West  Indies;  Carolina  to  Brazil. 

^mology :  For  Father  Plumier,  an  early  naturalist  who  sent  draw- 
3f  the  fishes  of  Martinique  to  the  museums  of  Europe. 
is  species  is  the  *'  grunt "  i)ar  excellence  of  our  South  Atlantic 
.  It  is  not  rare  in  West  Florida  and  on  the  Carolina  coast,  while 
3y  West  it  is  the  most  abundant  food-fish,  the  amount  taken  dur- 
tie  year  exceeding  that  of  all  other  shore  species  combined.  At 
ina  it  is  proportionally  less  common,  though  still  the  most  abund- 
fits  genus.  It  does  not  usually  exceed  a  foot  in  length,  although 
iduais  18  inches  long  are  sometimes  taken.  These  large  grunts 
the  back  and  nape  more  elevated  and  correspond  to  Cuvier's  H. 
itum.  This  species  was  well  represented  by  Oatesby,  but  Linnaeus 
'eferred  Catesby's  figures  to  the  synonymy  of  his  Perca  formosa^ 
[i  is  a  IHplectrum,  From  this  mistake  it  has  come  that  the  name 
osum  has  been  transferred  from  Diplectrum  formosum  to  Rwrmilon. 
is  inadmissible.  The  oldest  name  actually  given  this  species  is 
us  plumieri  Lac^pede;  this  name  is  based  on  a  rough  copy  of  a 
ing  by  Plumier.  Cuvier,  who  had  examined  this  drawing,  referred 
tbe  present  species,  so  there  seems  no  doubt  that  the  nome plumieri 
igs  here.  Poey's  R.  svharcuatum  seems  to  be  a  color  variety  of  his 
'ard^  which  is  the  ordinary  plumieri.  Specimens  are  in  the  Museum 
ambridge  from  Tortugas,  Havana,  J^r^mie,  Hayti,  St.  Thomas, 
inhao,  Bahia,  Bio  Janeiro^  and  Eio  Grande  do  'Kot\a, 
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44.  HiBMULON  FLAVOLINEATUM. 
(French  Omnt;   Open-mouth  Orunt:  Ronco  Condeuado.)    . 

DidboM  JIavolineatutDeiimtkreatf  Prem.  Decade  Ichth.,  1823,  35,  pi.  2,  f.  1;  Deamaro^^ 
Dictionnaire  Classique,  v,  235,  aboat  1825,  tab.  98,  f.  1  (Cuba). 

Anarmo»tit8  Jlavolineatus,  Putnam,  Bull.  M.  C.  Z.,  1863, 12  (name  only). 

Hcdmulon  flavolineatum,  Poey,  Repertorio,  i,  309,  1867;  Poey,  Synopsis,  318;  Poe^i 
Euumeratio,  45;  Jordan,  Proc.  U.  S.  N.  M.  1884,  126  (Key  West);  Joid^ 
&,  Swain,  1.  c,  305;  Jordau,  1.  c,  1889,  648  (St.  Luoia). 

HamuUm  heterodon  Cuvier,  R^gne  Animal,  ed.  2,  1829  {Diabase  rapSe  of  Desmaret^^ 
CuY.  «&  Val.,  Y,  1830,  255  (Martinique) ;  Poey,  Repertorio,  i,  1867,  309. 

H€emulon  xanthopteron  Cuv.  <&  Val.,  v,  1830,  254  (Martinique). 

Hofmulanxanihopterum,  Gttnther,  i,  312, 1859  (Martinique,  Jamaica,  Trinidad,  Paer'^ 
Cabello). 

Hismulum  xanihopteruniy  Cope,  Trans.  Am.  Phllos.  Soc.  1871,  471  (St.  Croix). 

Hamylum  xanthopterum,  Bean,  Proc.  U.  S.  N.  M.  1880, 96  (Bermuda;  no  description.  Z 

Habitat:  West  Indies;  Florida  Keys  and  Bermudas  to  Brazil. 

Etymology:  FlavuSj  yellow;  lineatuSj  marked  with  lines. 

This  species  is  rather  rare  at  Key  West,  where  it  is  known  as  tb»  ^ 
"French grunt"  or  "open-mouth grunt.''    In  Havana,  it  ismorecoizm 
mon,  and  is  called  '^  ronco  condenado.^    It  reaches  a  length  of  neii.rly   a 
foot.    Its  peculiar  coloration  and  large  lateral  scales  render  it  one  of  tbc 
most  easily  recognizable  of  the  species.    The  young  show  two  dark  laterai 
stripes  like  the  young  of  if.  parra^  rimator^  etc.    There  is  no  doubt  ska 
to  the  name  to  be  retained  for  this  species,  the  name  fiavolineatm  of 
Desmarest  having  clear  priority  over  the  names  of  species  described  bf 
Cuvier,  the  description  and  figure  given  by  him  being  very  good.   In 
the  first  description  of  the  genus  Rcemulonj  the  Dlabasis  flavolineatiu 
is  expressly  mentioned  by  Cuvier  as  one  of  the  species  to  be  referred  to 
the  genus.    The  other  names  of  the  species  are  less  certain.    H.  hetero- 
don Cuv.  certainly  belongs  here,  and  probably  if.  xanthopteron  also. 
Specimens  are  in  the  Museum  at  Cambridge  from  Havana,  Tortugas, 
J6r6mie,  Hayti,  Bermudas,  Bahamas,  Amelia  Island,  Florida,  Barbados. 

45.  H^IMULON  CHRYSAROYREUM. 

BcBMulan  ehryaargyreum  GUnther,  i,  314,  1859  (Trinidad) ;  Gunther,  Shore  FiBbea, 
Challenger,  7  (Fernando  Noronha) ;  Jordan  &  Swain,  1.  c.  (copied) ;  Jordan, 
1.  c,  1889, 648  (St.  Lucia). 

ScBtnulon  Icdniatum  Poey,  Memorias,  ii,  182, 1860  (Cuba) ;  Poey,  Syn.  Pise.  Cub., 319; 
Jordan,  Proc.  U.  S.  N.  M.  1884, 126  (Key  West) ;  Jordan  &.  Swain,  1.  c, 307. 

Braohygenya  icBniata,  Poey,  Enum.  Pise.  Cub.,  1875,  47. 

Habitat:  West  Indies;  southern  Florida  to  Brazil. 

Etymology:  xP^^^^y  gold;  dp^npeo^^  silvery. 

This  little  fish,  the  smallest  of  the  genus,  is  abundant  both  at  Key 
West  and  Havana.  None  of  the  specimens  seen  exceed  six  inclies  m 
length.  This  species  approaches  more  closely  than  any  other  to  th** 
genus  Pomadasis.  It  differs  from  the  others  in  the  less  development  of 
the  cavernous  structure  of  the  skull,  the  foramina  on  the  frontal  region 
being  inconspicuous.     Tlie  specimeii^  ^^lod  taeniatum  are  identical 
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t.b  the  types  of  H,  chrysargyreunij  the  former  name  having  been 
*ren  to  tbe  young.  Specimens  are  in  the  Museum  at  Cambridge  from 
E^yana  and  St.  Thomas.  In  the  British  Museum,  we  have  seen  exam- 
c?s  from  Trinidad  (types),  St.  Croix,  and  Fernando  de  Noronha. 

46.  HiCMTTIaON  RIMATOR.    (Tom-tate;  Redmouth  Orunt;  Cassar.) 

mm/oR  chrysopieron,  Cuv.  &  Vul.,  v,  1830,  240  (brought  by  Milbert  from  New  York ; 

erroneously  identified  with  Verca  chrysoptera'L.f  which  is  an  Ch'thopristia) ; 

DeKay,  New  York  Fauna,  Fishes,  1842,  85,  pi.  vii,  f.  22  (New  York  market) ; 

Holbrook,  Ichth.  S.  Car.,  121,  1860  (Charleston). 
ffmulan  chrysopterum,  Giinther,  i,  313,  1859  (Jamaica;  Trinidad). 
'.thystoma  ehryaoptemm,  Putnam,  Bull.  M.  C.  Z.,  13,  1863  (name  only). 
x5d4ri«  chrysopterus,  JoxHnji  &  Gilbert,  Syn.  Fish.  N.  A.,  1883,553;  Bean,  Cat.  Fish. 

London  Exh.,  1883,  58  (Pensacola). 
nmloti  quadrilineatum,  Holbrook,  Ichth.  S.  Car.,  1860, 195  (Charleston;  not  of  Cuv. 

&  Val.). 
w^Kiulfm  t  cuwdimaculaf  Poey,  Syn.  Pise.  Cub.,  1875,  47  (Cuba;  not  of  Cuv.  &  Val.). 
w^muJoH parrcp,  Poey,  Enum.  Pise.  Cub.,  1875,47  {not  JMahana  parrte  Desm.). 
abatis  aurolinealua,  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1882, 276, 307  (Pensacola) ; 

ibid,  1882,  602  (Charleston);  Jordan  & GUbcrt,  Syn.  Fish.  N.  A.,  973, 1883; 

Bean,  Cat.  Fishes  London  £xh.,  1883,  58  (Pensacola);  Jordan,  Proc.  U.  S. 

N.  M.  1884,  126  (Key  West;  not  H(emulon  aurolineatum  Cuv.  &  Val.). 
^^nttlon  rimaior  (Jordan  <&  Swain,  MS.),  Bean,  Proc.  U.  S.  N.  M.  1884, 158  (Jamaica) ; 

Jordan  &  Swain,  1.  c,  308. 

Babitat:  West  Indies;  North  Carolina  to  Trinidad;  apparently  more 
>iiiidant  on  our  South  Atlantic  coast  than  southward. 
Etymology:  Rimator,  inquirer. 

This  species  is  very  common  about  Charleston,  where  it  is  one  of  the 
lost  abundant  food-fishes.  About  Pensacola  and  Key  West  the  adult 
fe  less  numerous,  but  at  the  latter  place  the  young  swarm  everywhere 
tK)ut  the  wharves  and  shores.  At  Key  West  it  is  known  as  "  Tom- 
^te."  From  its  small  size  (rarely  a  loot  in  length)  it  is  held  in  low 
^teem,  and  is  not  often  brought  into  the  market.  It  was  not  observed 
^  Prof.  Jordan  at  Havana.  A  specimen  in  our  collection,  sent  by  Prof. 
E.  Meek  from  the  New  York  market,  is  said  to  be  from  North  Carolina. 
The  synonymy  of  this  species  has  been  much  confused,  although  most 
the  confusion  has  been  unnecessary.  The  name  chrysopterum  has 
^n  generally  applied  to  the  present  species.  This  name  comes  from 
e  Perca  chrysoptera  of  Linnasus.  This  Perca  ehryaoptera  was  based 
I  a  specimen  sent  from  Charleston  by  Dr.  Garden.  This  specimen  is 
Ql  preserved  in  London,  and  it  belongs,  according  to  Dr.  Bean,  who 
ts  examined  it,  to  the  species  called  by  Cuvier  Pristipama  fulvomacur 
^um.  Tliis  species  should  therefore  be  known  as  Orthopristis  chrysop- 
"fw.  With  this  Perca  chrysoptera  Linnseus  wrongly  associates  the 
argate-fish  of  Catesby,  which  is  HasmuUm  album.  Cuvier  has  identi- 
id  both  Catesby's  fish  and  the  LinnaBan  Perca  chrysoptera  with  the 
"Bsent  species,  which  he  calls  Hasmulon  chryaopteron.    It  is  evident 
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from  the  above  that  the  name  ehrysopterum  can  not  properly  be  retai 
for  this  or  any  other  species  of  Hwmulon.  The  name  aurolinm 
has  been  applied  by  Jordan  &  Gilbert  to  this  species,  but  erroneou 
as  is  shown  beyond.  Jordan  &  Swain  have  therefore  given  the  spe 
a  new  name^  as  none  of  those  by  which  it  has  been  called  (ehinjw 
rum  J  aurolineatuniy  caudimaculaj  parrw)  were  originally  intended  fo 
The  name  Hcennulon  rimator  is  given  in  allusion  to  the  inquisitive  ha 
shown  by  the  young  of  this  species.  They  swarm  about  the  whai 
and  are  a  nuisance  to  tbe  fishermen,  nibbling  off  the  bait. 

Both  Hwmulan  rimator  and  H.  plumi^ri  have  been  recorded  f 
"New  York/'  but  no  good  evidence  exists  that  either  species  passe 
the  northward  of  Cape  Hatteras.  None  of  the  others  range  far  m 
of  the  Tropic  of  Cancer. 

47.  HiCMTTLON  ATTROLINEATUM.     (Jenlguano.) 

H(BniuJon  aHroUneainm  Cuv.  &,  Val.,  Hist.  Nat.  Poiss.,  1830,  V,  237  (Brazil,  SaD 
niiugo);  Giinther,  1,318  (Fornambuco) ;  t  Cope,  Trans.  Am.  Fhilos. 
1871,  471  (St.  Martins,  name  only);  Jordan  &  Swain,  1.  c,  310;  Joi 
1.  c,  1889,  648  (St.  Lucia);  Jordan,  1.  c,  1890,  319  (Bahia). 

H<Bmulon  jen{guano  Poey,  Memoriae,  ii,  183,  1860  (Cuba);  Poey,  Synopsis,  319;  1 
Enumeratio,  47. 

BathyBtomajeniguamOy  Putnam,  BuU.  M.  C.  Z.,  1863,  12  (name  only). 

Diabasisjeniguano,  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  925, 1883  (Garden  Key);  1 
Cat.  Fish.  London  Exh.,  1883,  58  (Garden  Key). 

Habitat:  West  Indies;  Florida  Keys  to  Brazil. 

Etymology:  Aurum,  gold;  UiieattiSj  striped. 

This  little  fish  is  very  abundant  at  Havana,  where  it  is  often  broi 
into  the  market.  It  is  smaller  in  size  than  any  other  of  the  g< 
except  H,  chrysargyreum.  It  has  been  taken  at  Garden  Key,  Floi 
but  was  not  observed  at  Key  West  by  Prof.  Jordan.  In  its  relat 
it  is  extremely  close  to  H,  rimator.  It  is  more  slender  and  fusifon 
outline,  and  its  coloration  is  usually  of  a  deeper  yellow,  othenns< 
are  unable  to  point  out  any  diflferences  of  importance. 

We  have  adopted  the  name  aiirolineatum  for  this  species,  and  no 
H.  rimator^  on  the  strength  of  the  following  account  of  the  tyi 
specimen  of  Hwmulon  aurolineatum  received  from  Dr.  H.  E.  Sauv 
of  the  museum  at  Paris: 

Hcemulon  aurolineatum,  Brazil,  Delalande,  type.  Length  of  the  body,  0.22( 
height  of  body,  0.055  m. ;  length  of  the  head,  0.60  m.  Height  of  the  body  conti 
nearly  four  times  in  the  total  length,  and  three  and  one-half  without  the  ca 

As  the  description  of  Cuvier  &  Valenciennes  agrees  in  other  res] 
equally  well  with  either  species,  the  above  measurements  leave  no  d 
of  the  identity  of  their  type  with  H.jenignano.  Hcemulon  rimator  ^  y 
or  old,  is  never  so  slender  as  the  above  measurements  would  indie: 

Specimens  are  in  the  museum  at  Cambridge  from  Havana,  K 
neiro,  Ceari^,  Maranhao,  San  Francisco,  St.  Thomas,  and  Porto  S€ 
Among  those  from  Cuba  is  Poey's  type  of  H.jeniguano, 
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48.  H2IMTJLON  STRIATUM.     CWlilta  Onmt.) 

f  Cupeunahrasilienaibua  'MiJiTcgTAye,  Hist.,  etc.,  Brasil.,  i,  1648,  155. 

Percatiriata  Linnaeus,  Syst.  Nat.,  ed.  x,  1758,  233  (North  America),  and  the  copyist*. 

H(tmulon  airiaium  Jordan,  1.  c,  1889,  648  (St.  Lncia). 

f  Grammistes  irivittatua  Bloch  &  Schneider,  Syst.  Ichth.,  1801, 188  (on  the  description 

of  Marcfcrave). 
Diahana  tririttatua,  Jordan   &   Gilbert,   Syn.   Fish.   N.  A.,    1888,  554   (erroneously 

ascribed,  after  Holbrook,  to  the  CaroKna  fauna). 
f  Serranua  capeuna  Lichtenstein,  Abhandl.  Berlin  Akad.,  1821,  288  (on  the  description 

of  Marcgrave). 
f  HeeniuloH  capeutui,  Cuvier,  Regne  Animal,  1829  (no  description;  after  Marcgrave). 
Htmylum  capeuna,  Goode,  Bull.  U.  S.  N.  M.,  v,  1876,  53  (Bermuda). 
Hitmulon  quadrilineatttm  Cuv.  &  Val.,  v,  1830,  238,  pi.  120  (San  Domingo) ;  GUnther,  i, 

316,  1859  (copied);  Poey,  Repcrtorio,  i,310,  1867;  ii,  161;  Poey,  Synopsis, 

1868,319  (Cuba);    Poey,  Enum.  Pise.  Cub.,  1875,  47;  Cope,  Trans.  Am. 

Philos.  Soc.  1871,  471  (St.  Croix);  Jordan  &  Swain,  1.  c,  311. 
ffttmulon  quinquelineaium,  Poey,  Memorins,  ii,  419,  1860  (Cuba). 

Habitat :  Bermadas  to  Brazil. 

Etymology:  Striatua,  striped. 

This  is  probably  the  sxiecies  indicated  by  Liniiseus  under  the  nanie 
Perca  striata.  The  number  (13)  of  dorsal  spines  and  the  comparison 
with  P.  melanura  render  it  certain  that  this  species,  H.  rimatory  or 
H,  aurolineatum  was  intended.  Of  these,  only  the  present  species  has 
the  second  anal  spine  especially  strong  {^^  validisHimua^)^  Q,iiA  to  this 
species  the  name  striatum  should  apparently  be  referred. 

The  following  is  Linnajus's  account: 

"  Striata,  22.     P.  pinnia  doraalibua  unitiSf  cauda  bifida^  corpore  atriato, 

"2>.  if.    P.  15.     V.  i.     J,  T^r.    C.  17. 
'^ffahiiat  in  America  aept^nirionali,    Mua.  de  Geer.     Opercula  aubaerrata,    Badiua 
ftCHHdua  analia  validiaaimua,     Cauda  nigra  non  eat,  qua  differ t  a  F.  melanura." 

Specimens  are  in  the  museum  at  Cambridge  from  Havana  and  Ber- 
muda. 

49.  HiBMULON  FLAVIOUTTATUM. 

Hemulon  flaviguttatua  GiU,  Proc.  Ac.  Nat.  Sci.  Pbila.  1862,  254  (Cape  San  Lucas). 

HitmuloH  flaviguttatum  Steind.,  Ichth.  Beitr.,  in,  14,  1875  (Mazatlan,  Acapulco, 
Altata,  Panama);  Streets,  Bull.  U.  S.  N.  M.,  vii,  79,  1877  (Lower  Califor- 
nia); Jordan  d&  Swain,  1.  c,  314;  Everinann  &,  Jenkins,  Proc.  U.  S.N.  M. 
1891,  152  (Guaymas). 

Diabasie  flaviguitatua,  Jordan  &  Gilbert,  BuU.  U.  S.  F.  C.  1881  (324),  1882  (107,  110), 
(Mazatlan,  Panama) ;  Jonlan  &  Gilbert,  Proc.  U.  S.  N.  M.  1882,  361,  381, 
626  (Cape  San  Lucaa,  Panama). 

ScemuUm  margariiiftrum  Giinther,  Proc.  Zool,  Soc.  1864,  147 ;  Giinther,  Fishes  Centr. 
Amer.,  1869,  419,  pi.  Lxv,  fig.  2  (Panama). 

Habitat:  Pacific  coast  of  tropical  America,  Guaymas  to  Panama. 

Etymology:  Flavus^  jeliow;  guttattiSj  shotted. 

This  species  is  generally  common  along  the  Pacific  coast  of  tropical 
America.  It  has  no  analogue  among  the  Atlantic  species.  On  account 
of  the  peculiarities  of  the  form  of  the  body,  the  snout,  the  mouth,  and 
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the  vertical  fin«,  and  especially  the  iucreased  development  of  the  gill- 
rakers,  we  may  regard  it  as  the  type  of  a  distinct  subgenus,  which  has 
been  called  Lythrulon,  The  cranium  shows  no  special  peculiarity 
except  the  shortness  of  the  snout  and  the  development  of  the  high 
supraoccipital  (Test.  Specimens  are  in  the  Cambridge  museum  from 
Acapulco.  Our  8i>ecimen8  were  collected  at  Guaymas  by  Evermann  & 
Jenkins. 

50.  BLSMULON  MACIJI<ICAITDA.     (Roncador  Raiado.) 

Oriho8t<echHs  maculicauda  Gill.  Proc.  Ac.  Nat.  Sci.  Phila.  1862,  255  (Cape  San  Lacas). 

Hcemulonmaculicauda,  Steind.,  Ichth.  Beitr.,  in,  14, 1875(Mazatlau,  Acapnlco)  ;  Jordan 
&,  Swain,  1.  c,  315;  Evermann  &  Jenkins,  Proc.  V.  S.  N.  M.  1891,  152 
(Gnaymas). 

Diahasia  maculicauda,  Jordan  &  Gilbert,  Bull.  U.  S.  F.  C.  1881,3^5,  1882,  110  (Pan- 
ama); Jordan  &  Gilbert,  Proc.  IJ.  S.  N.  M.  1882,  362,  372,  626  (Cape  San 
Lucas,  Panama,  Colinia). 

Hcemulon  nuizailanum  Steindachner,  Iclith.  Notizcn,  viir,  12,  taf.  vi,  1869  (Mazatlan). 

Habitat:  Pacific  coast  of  tropical  America,  Guaymas  to  Panama. 

Etymology:  Macul<iu,  spot;  cmida,  tail. 

This  small  species  is  rather  common  on  the  Pacific  coast  of  tropical 
America.  Its  peculijir  squamatioTi,  rendered  more  noticeable  by  the 
corresponding  features  of  coloration,  give  it  an  appearance  quite  dis- 
tinct in  this  genua.  The  snout  is  shorter  than  usual  and  the  number 
of  dorsal  spines  is  increased.  In  other  respects  it  departs  less  from  the 
usual  type  than  do  H.  flaviguttntum  and  JJ.  striatum.  The  cranium 
differs  little  from  the  ordinary  Hwmulon  type.  The  specimens  in  the 
museum  at  Cambridge  are  from  Acapulco.  The  specimens  before  us 
were  collected  at  Guaymas  by  Evermann  &  Jenkins. 

Xin.  AinSOTREMUS. 

AnlsotremuB  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1861,  107  (virginicM): 
GtonytremuB  Gill,  Proc.  Ac.  Nat.  Sri.  Phila.  1861,  256  {bilineatua), 
Paraconodon  Bleeker,  Archiv.  Neerl.,  xi,  272,  1876  (j^twifici). 

Type:  Sparus  virginicv4t  Linnaeus. 

Etymology:  &vt<ro<;,  unequal;  rp^iia^  aperture,  from  the  |K>res  at  the 
chin. 

This  genus,  like  Hcemulon^  to  which  it  is  closely  related,  contains 
numerous  species,  all  of  them  restricted  to  the  shores  of  tropical 
America.  All  the  species  undergo  considerable  change  in  form  with 
age,  and  all  of  them  are  valued  iis  food-fishes.  The  young  are  marked 
with  two  or  three  blackish  lengthwise  stripes.  These  disapx>ear  with 
agc>  quickest  in  the  brightly  colored  species,  and  persist  for  a  long 
time  in  species  like  aurinamen^is  and  intsrruptus^  which  agree  in  color- 
ation  with  Hcemulon  parra  and  related  species. 

Only  a  skeleton  of  the  synonymy  of  this  genus  is  here  given. 
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ANALYSIS  OF  SPECIES  OF  ANISOTRRMU8. 

m.  Scales  above  lateral  line  in  series  parallel  with  the  lateral  line. 

b.  Dorsal  spines  rather  low,  the  longest  not  more  than  half  length  of  head;  second 

anal  spine  about  half  head. 

e.  Pectorals  much  shorter  than  head,  not  reaching  tips  of  von'trals ;  dorsal  rays 

XI;  13,  the  spines  comp.arativcly  slender,  the  longest  half  head; 
eye  more  than  twice  as  wide  as  the  narrow  preorbital.  Body  com- 
pressed^ considerably  elevated,  the  greatest  height  below  the  fifth 
dorsal  spine ;  profile  rounded  from  base  of  first  dorsal  spine  to  the 
nape,  concave  over  the  eyes,  descending  abruptly  down  the  snout; 
interorbital  area  twice  orbit;  snout  thick  and  obtuse;  teeth  vil- 
liform  in  both  jaws,  with  an  outer  series  of  conical  teeth ;  pre- 
opercle  serrate,  strongly  on  angle;  a  posterior  notch  in  opercle 
between  two  obtuse  and  feeble  points;  soft  dorsal  about  as  high  as 
spinous;  second  anal  spine  long  and  strong;  caudal  emarginate. 
Color  dusky-grayish,  with  four  irregular  crossbands,  which  grow 
faint  with  age;  scales  silvery  with  purple  reflections;  membrane 
between  the  scales  brown;  fins  blackish.  Head,  3^;  depth,  2{  to 
2|;  D.  XI,  13;  A.  iii,  10.  Scales,  7-47-13;  second  anal  spine,  2  in 
head ;  fifth  dorsal  spine,  2 ;  pectoral,  4^ Pacifici,  51. 

ee.  Pootorals  a  little  longer  than  head,  about  reaching  anal  fin;  dorsal  rays  xu, 

16,  the  spines  short  and  stout,  the  longest  2^  in  head;  eye  3i, 
about  one-fourth  wider  than  the  broad  preorbital.  Body  ovate, 
compressed,  the  back  rather  strongly  arched;  anterior  profile, 
rather  steep  and  straightish,  slightly  depressed  above  eyes  and  at 
the  nape ;  snout  very  short,  blunt  and  thick ;  mouth  very  small, 
the  maxillary  not  quite  reaching  to  front  of  eye;  lower  jaw  in- 
cluded ;  teeth  cardiform,  in  broad  bands,  the  outer  series  enlarged, 
but  smaller  than  in  A,  pacifici;  preopercle  rather  weakly  serrate; 
gill-rakers  short  and  weak,  about  10  below  angle;  dorsal  fin  low, 
rather  deeply  emarginate,  the  soft  rays  more  than  two- thirds 
height  of  longest  spines ;  anal  rather  low,  its  margin  perfectly 
straight;  second  anal  spine  very  robust;  caudal  moderately  forked. 
Color  grayish  silvery ;  a  faint  dark  bar  from  iront  of  dorsal  to  level 
of  base  of  pectorals ;  lower  parts  of  sides  with  indistinct  darker 
streaks;  vertical  fins  and  pectorals  dusky  yellowish ;  distal  half 
of  ventrals  and  base  of  anal  blackish.  Head,  3^ ;  depth,  2^ ;  D.  xu, 
16;  A.  Ill,  9;  scales,  6-52-13;  eye,  3i;  snout,  3;  preorbital,  2|; 
maxillary,  3i;  second  anal  spine,  2;  fourth  dorsal  spine,  2^;  pec- 
toral, 3 ;  gill-rakers,  x-f-10 C^sius,  52. 

M.  Dorsal  spines  very  high,  the  longest  Ij^  in  head;  second  anal  spine  very  long, 

about  If  in  head ;  pectorals  much  shortor  than  head ;  interorbital 
area  much  less  than  width  of  orbit ;  snout  obtuse,  not  much  longer 
than  eye;  cleft  of  month  small,  the  maxillary  extending  to  front 
of  eye ;  dorsal  and  anal  spines  exceedingly  strong,  the  third  dorsal 
spine  the  longest;  snout  naked,  the  remainder  of  the  head  being 
scaly;  each  ray  of  the  soft  fins  accompanied  by  a  series  of  minute 
scales,  covering  the  caudal ;  caudal  fin  slightly  emarginate.  Color 
grayish-silvery,  with  five  jet-black  crossbands  in  the  adult;  fins 
blackish.    Head,  3;  depth,  2;  D.  xii,  16;  A.iu,  9;  scales,  8-48-15; 

second  anal  spine,  If;  third  dorsal  spine,  1} Dovii,  53. 

aa»  Scales  above  lateral  line  arranged  in  obliqne  series  which  are  not  parallel  with 

the  lateral  line. 

H.  Mis.  113 31 
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d.  Scales  comparatiyely  large,  less  than  nine  in  a  vertical  series  between  first 
dorsal  spine  and  the  lateral  line;  coloration  olivaceous,  the  adult 
nearly  plain,  the  young  with  two  or  more  dusky  lateral  strijies 
which  disappear  with  age ;  fins  blackish. 
e.  Scales  5,  6-52-15  (lateral  line  with  49  pores) ;  scales  above  lateral  line  on 
anterior  part  of  body  more  or  less  enlarged,  especially  in  the  adult; 
young  specimens  with*  two  black  horizontal  stripes,  one  of  these 
from  eye  to  a  point  just  before  the  base  of  caudal,  where  it  is  in- 
terrupted, a  round  black  spot  following  at  biise  of  caudal ;  another 
stripe  above  this  and  parallel  with  it;  scales  of  anterior  part  of 
back  more  or  less  distinctly  marked  with  black  spots,  one  on  each 
scale,  these  spots  not  confluent.  Body  oblong-elliptical,  the  back 
elevated,  the  profile  strongly  convex  at  nape,  becoming  straighter 
anteriorly ;  interorbital  area  a  little  more  than  eye ;  mouth  short, 
the  maxillary  extending  to  anterior  edge  of  eye;  outside  teeth  of 
jaws  conical,  notably  longer  and  stronger  than  the  others;  pre- 
opercle  evenly  serrate  on  vertical  edge,  weaker  at  angle;  dorsal 
and  anal  spines  strong,  second  anal  stronger  and  a  little  longer 
than  the  highest  dorsal  spine,  about  half  hea<l;  soft  dorsal  lower, 
about  one-third  head ;  pectoral  falcate,  as  long  as  head ;  caudal 
forked.  Head,  3;  depth,  2i;  D.  xii,  16;  A.  iii,  8  or  9;  scales,  5  to 
6-52-12  to  15 ;  eye,  4 ;  snout,  2} ;  second  anal  spine,  1 J ;  fourth  dorsal 

spine,  2;  pectoral,  1 Surinamensis,  54. 

ee.  Scales  7,  8-46-15  (lateral  line  with  54  pores),  scales  above  lateral  line 
anteriorly  not  especially  enlarged;  all  specimens  examined  with 
three  or  four  black  lateral  stripes,  one  from  eye  to  near  base  of 
caudal,  where  it  ceases  abruptly,  giving  place  to  a  round  caudal 
spot  as  in  the  young  of  A,  auriuamenBU,  also  a  stripe  from  scapular 
scale  to  last  dorsal  ray,  forming  two  spots  on  back  of  caudal 
peduncle  (this  stripe  wanting  in  A.  surinameneis) ;  above  this,  one 
or  two  other  stripes  parallel  with  it;  opercular  membrane  black. 
Anterior  profile  considerably  steeper  than  in  A.  eurinamenns.  In 
all  other  respects,  in  specimens  of  the  same  age,  this  species  seems 
to  agree  with  A,  aurinamensis.  Head,  3 ;  depth,  2^ ;  D.  xn,  16 ;  A.  lu, 
8;  eye,  2};  snout,  4i;  preorbital,  4;  pectoral,  1 Bicolob,  55. 

dd.  Scales  rather  small,  more  than  9  in  a  vertical  series  between  the  first  dorsal 
spine  and  the  lateral  line. 
/.  Body  not  striped  longitudinally  with  yellow  or  blue ;  preorbital  nar- 
row; gill-rakers,  x+13. 
g.  Anterior  part  of  body  without  jet-black  vertical  bar;  axil  jet-black, 
the  spot  encroaching  on  base  of  pectoral;  a  round  black  spot 
on  base  of  last  rays  of  dorsal  and  anal;  body  dark  gray,  with 
obscure  darker  streaks ;  fins  pale,  edge  of  opercle  dusky ;  pectoral 
long,  liS  in  head,  reaching  front  of  anal.    Body  ovate,  the  back 
elevated,  the  profile  f^om  the  tip  of  the  short  blunt  snout  to  the 
last  dorsal  ray  evenly  rounded;  lower  profile  straighter,  angulated 
at  end  of  base  of  anal ;  mouth  moderate ;  teeth  in  broad  bands, 
the  outer  in  both  jaws  longer,  close-set,  slender  and  sharp;  pro- 
opercle  rather  finely  and  not  sharply  serrate ;  dorsal  fin  divided 
almost  to  base,  the  tenth  spine  no  longer  than  first ;  second  anal 
spine  stronger  and  a  little  longer  than  third,  lower  than  soft  rays; 
caudal  forked.    Head,  3;  depth,  2|;  D.  xi,  14;  A.  lu,  13;  scales, 
9  or  l(X-51-x;  eye,  4;  snout,  4;  preorbital=pupil :  maxillary,  3^; 
pectoral;  li\);  gill-rakers,  x+13 Scapuuous,  56. 
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gg.  ADterior  part  of  body  with  a  jet-black  vertioal  bar  which  extends 
from  between  the  fifth  and  seventh  dorsal  spines  to  opposite  the 
lower  edge  of  the  pectoral;  edge  of  opercle  and  base  of  pectoral 
black ;  pectoral  longer  than  head.  Body  elongate-ovate,  the  back 
elevated,  the  anterior  profile  straightish  to  nape,  thence  regularly 
convex ;  lower  profile  straight^  angulated  at  anal ;  mouth  small ; 
teeth  sctiforui,  arranged  in  broad  bands,  becoming  shorter  behind, 
longer  and  stronger  in  front ;  dorsal  fin  deeply  notched,  the  tenth 
spine  twice  as  long  as  first ;  second  anal  spine  much  stronger  and 
almost  twice  as  long  as  third,  higher  than  soft  rays ;  caudal  forked. 
Head,  3i;  depth,  2|;  D.  xii,  16  or  15;  A.  in,  11;  scales,  11-62-21; 
eye,  4^ ;  snout,  3 ;  preorbital,  51 ;  maxillary,  3|;  second  anal  spine, 
2^;  fourth  dorsal,  2^;  pectoral,  seven-eighths;  gill-rakers,  x-{- 13. 

Davidsonii,  57. 
ff.  Body  with  longitudinal  stripes  of  blue  or  yellow  or  both ;  y^oung  with 
a  black  blotch  at  base  of  caudal ;  iireorbital  broad ;  gill-rakers, 
x-l-16. 
h.  Anterior  part  of  body  with  two  broad  dark  crossbars,  the  one  from 
the  nape  obli<iuely  forward  through  eye,  the  other  from  front  of 
dorsal  downward;  behind  these  a  series  of  horizontal  stripes 
alternately  yellow  and  blue;  pectoral  longer  than  head;  second 
anal  and  fourth  dorsal  spines  nearly  equal, 
i.  Blue  stripes  on  sides  about  six  in  number,  very  distinct,  not  nearly 
as  wide  as  a  scale;  sharply  edged  with  darker  blue;  their  width 
about  one-third  that  of  the  olive  mtcrspaces;  additional  blue 
stripes  in  the  interspaces  faint  and  few ;  vertical  bands  of  head 
and  shoulder  brown.  Body  ovate,  the  back  much  elevated,  the 
anterior  profile  steep,  convex  on  snout,  straight! sh  over  eye,  nape 
very  convex  to  base  of  third  dorsal  spine;  mouth  moderate,  the 
maxillary  extending  to  anterior  edge  of  eye;  jaws  subequal; 
teeth  arranged  in  bands,  the  outer  much  enlarged;  about  10  gill- 
rakers,  besides  rudiments,  below  angle;  dorsal  fin  high,  slightly 
emarginate;  spines  slender,  the  highest  slightly  shorter  and 
weaker  than  the  second  anal  spine,  which  is  more  than  half  bead; 
caudal  lunate.  Head,  3^;  depth,  2^;  D.  xii,  16;  A.  in,  10. 
Scales,  10-66-17;  eye,  3^;  snout,  2J;  preorbital,  4;  maxillary,  3^; 
second  anal  spine.  If;  fourth  dorsal  spine,  1|;  pectoral,  |;  gill- 
rakers,  X-f  16 TiENIATUS,  58. 

it.  Blue  stripes  on  side  as  broad  as  a  scale,  each  more  than  two- 
thirds  the  width  of  the  golden-yellow  interspaces,  and  each  very 
faintly  edged  with  darker;  vertical  bands  on  head  and  shoulder 
jet  black.  Body  ovate,  the  back  very  much  elevated,  the  anterior 
profile  steep,  slightly  convex  along  snout  and  over  eye,  very  much 
arched  at  nape;  mouth  small,  the  maxillary  extending  to  ante- 
rior nostril;  jaws  subequal;  outer  row  of  teeth  enlarged;  about 
six  gill -rakers,  besides  rudiments,  below  angle;  dorsal  fin  low, 
emarginate,  spines  slender,  the  highest  about  equal  in  length  to 
second  anal  spine,  which. is  less  than  half  head;  caudal  forked. 
Head,  3i;  depth,  2-i^;  D.  xii,  17;  A.  in,  10,  11;  scales,  11-56-17; 
eye,  4^;  snout,  2^;  preorbital,  4;  maxillary,  3i;  second  anal 
spine,  2^\;  third  dorsal  spine,  2 ^^i ;  jiectoral,  J;  gill-rakers,  x-f  16. 

VniGiNicus,  59. 
[Allied  to  Ani9oiremuB  virginicua  is  another  species,  which,  on  account  of  the 
imperfect  description,  should  not  be  placed  in  the  analysis. 

CATHARINiE,  60.] 
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hh.  (Anterior  part  of  body  without  dack  crossbars,  the  body  eocK*»- 
timea  plain  yellowish,  the  back  usually  violet,  with  4  or  5  yell ^^"^ 
lines;  silvegj^  below ;  snout  short,  not  longer  than  width  of  ey*5  5 
dorsal  lin  very  deeply  notched,  with  feeble  spines;  second 
third  anal  spines  equal  in  length ;  body  a  little  more  oblong  tl 
in  aurinamensis.    D.  xii,  13;  A.  iii,  9.    (Cur.  <f'  Fal.) --Sekrula, 

51.  ANISOTREMUa  PACIFICL 

Conodon  pacifici  Giinther,  Proc.  Zool.  Soc.  London,  1864,  147  (Chiapas). 
PomadasU  jpoci/ici,  Jordan  &.  (Jilbert,  Proc.  U.  S.  N.  M.  1881,  385  (Panama). 

Habitat:  Pacific  coast  of  Central  America. 

Etymology:  From  Pacific  (Ocean). 

This  small,  plain-colored  species  is  rather  common  about  Panama. 

52.  ANISOTREMUa  CiBSIUS. 

Pamadaays  ctrsius  Jordan  &.  Gilbert,  Proc.  U.  S.  N.  M.  1881,  383  (Mazatlan). 

HaJbitat:  Pacific  coast  of  Mexico. 
Etymology:  Cwsius,  silver-gray. 

This  species  is  known  from  tlie  three  types  taken  in  the  harbor 
Mazatlan  and  from  a  specimen  at  Cambridge  from  Acapulco. 

53.  ANiaOTRXSMUS  DOVH. 

Pristipoma  dovii  Giinther,  Proc.  Zool.  Soc.  London,  1864,  23  (Panama). 

Ponmsasis  doviiy  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1881, 386  (Mazatlan,  Panama).«i' 

Habitat:  Pivcific  coast  of  tropical  America. 
Etymology:  Named  for  Capt.  John  M.  Dow. 
This  strongly-marked  and  handsome  species  is  not  rare  on  the 
coast  of  tropical  America.  ? 

54.  AinSOTREMUa  BURIN  AMEN  818.     (Pompon.)  [ 

Lutjanus  Burinamentna  Bloch,  Ichthyol.,  pi.  253,  1791  (Surinam).  F 

PrisHpoma  aurinamenaef  Cuv.  &  Val.,  v,  273,  1830  (same  type). 

Holocenirua  gibhoBua  hac6\yMo,  Hist.  Nat.  Poiss.,  iv,  344,  1803  (same  type). 

PrtBtipoma  bilineatum,  Cuv.  &  Val.,  Hist.  Nat.  Poiss.,  v,  271,  1830  (Martinique). 

Anisotremut  MlineaiuB,  Jordan,  Proc.  U.  S.  N.  M.  1890,  319  (Bahia) ;  Jordan  &  Hoi 

mann,  1.  c,  1889,  181  (Indefatigable  Island).  f 

Priaiipoma  melanopterum  Cuv.  &  Val.,  1.  c,  273  (Brazil).  . 

Hcsmulon  obtuaum  Poey,  Momorias,  ii,  1860,  182  (Havana).  f 

Hwmulon  labridum  Poey,  Memorias,  ii,  1860,  419  (Cuba).  « 

Genytremua  interruptxia  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1861,  256  (Cape  San  Lucas). 

Priatipoma  fUrthi  Steind.,  lehth.  Beitrligo,  v,  4,  1876  (Panama).  J 

Pomadaays  hilineatua  and  furihi,  Jordan  <fe  Gilbert,  Proc,  U.  S.  N.  M.  1881,  385  (^V*"-"^ 
Indies,  Peru,  Brazil,  Magdalona  Bay,  Cape  San  Lucas,  Gulf  of  Californi  -^ 
Mazatlan,  Panama,  Galapagos  Islands).  [ 

Habitat:  Both  coasts  of  tropical  America,  north  to  Cuba  aud  Uk   -f 
dalena  Bay.  ] 

Etymology:  From  Surinam.  ^f 

This  species  is  the  most  widely  distributed  of  any  of  the  genus.  1 
reaches  a  larger  size  than  the  others  and  is  subject  to  a  consideral:^ 
'^^riation    in  form.    Pacific  Coast  examples  usually  have  the  scal«i 


] 
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above  the  lateral  Hue  a  little  larger  than  usual  in  Atlantic  specimens, 
but  tills  difference  can  not  be  depended  oii  and  is  variable.  Should  a 
tan^ble  variety  ever  prove  appreciable,  the  name  interruptus  should 
be  retained  fcwr  the  West  Coast  form.  Specimens  are  in  the  Museum  of 
Comparative  Zoology,  from  Havana  (type  of  Anisotremus  obtusus  Poey), 
froiii  Bahia,  Eio  Janeiro,  Galapagos  Islands,  Panama,  and  Magdalena 
Bay.  The  largest  of  these  is  about  2  feet  in  length.  The  Galapagos 
specimens  are  darkest  in  color  and  with  the  snout  rather  sharper. 
Thos«  from  the  Galapagos  and  ft*om  Rio  Janeiro  have  the  scales  above 
the  lateral  line  a  little  less  enlarged,  9  in  an  oblique  series,  downward 
and  backward  from  first  dorsal  spine  (7  in  Panama  specimen,  8  in 
specimen  from  Magdalena  Bay). 

XjUtjaniis  aurinamensis  Bloch  is  a  dried  and  discolored   specimen, 

H'liicli  could  have  belonged  to  no  other  known  species.    Although  14 

dor»a,l  spines  are  figured  and  the  body  represented  as  marked  with  dark 

crossl>and8,  we  have  no  doubt  of  its  identity,  and  therefore  substitute 

tho  name  surinamensis  for  bilineatus, 

55.  ANISOTRBMUS  BICOLOR.     (Maria-Prieta.) 

"*"*■•  *«j»oiiia  hicolor  Castelnau,  Auim.  Nouv.  ou  Rnvea  Aindr.  du  Sinl,  1850,  8,  \i\.  2,  f.  2 

(Bahia). 
^*«*o<reiHiw  bicolor,  Jordan,  Proc.  U.  S.  N.  M.  1890,  319  (Bahia). 
*"'*^ lipoma  iriliueatum  Poey,  Memorias,  ii,  343,  1860  (Havana). 
^'^•*»  »*oiHa  6ra«h>ii«c  Steindachner,  Sitzuugsb.   k.   Akad.  Wiss.   Wien,  1863,  p.  1013 


(Bahia). 

^H^sa.l)itat;  Coast  of  BrazU. 
^«  ^^mology :  Bicolor j  two-colored. 

^^18  species  is  known  to  us  from  several  specimens  from  the  coast 

^      ^i*azil  (Bahia,  Eio  Grande  do  ITorte,  and  Ceard),  preserved  in  the 

mix^^i^m  at  Cambridge,  and  from  one  taken  by  the  Albatross  at  Bahia. 

^^    ia  very  close  to  A.  surinamensisy  but  has  slightly  larger  scales  and  a 

®^*^^what  different  coloration,  as  well  as  a  steeper  and  more  gibbous 

^^^t,    Anisotremus  trilineattis  Poey  may  be  the  young  of  this  species, 

^t  of  this  we  are  not  sure. 

56.  A19I80TRBMnS  8CAPULARIS. 

•^Mtipoma  scapulare  Tschudi,  Faana,  Peruana,  1844,  12  (Huacho). 
*^^rammamelano9pilum  Kner^  Sitzungsb.  k.  Akad.  Wisseuschaft,  1867,  4  (west  coast 
of  South  America). 
^^Hpoma  Hotatum  Veters,  Berl.  Monatsb.,  1869,  706("angeblich  aus  Mazatlan"). 
^tnadoHjfa  mode8tti8,  Jordan,  Proc.  Ac.  Nat.  Sci.  Phihi.  1883,  286  (probably  not  of 
Tschudi). 

Habitat:  Coast  of  Peru. 

Etymology:  Scapula^  shoulder^  from  the  shoulder  spot. 

Of  this  species,  one  specimen,  ^A^^iy^  from  Callao,  is  in  the  museum  at 
Cambridge.  Others  examined  by  lis  are  in  the  museum  at  Berlin.  It 
*^M  the  central  i)ore  at  the  chin,  the  failure  to  find  which  led  Kner  to 
l^lace  the  species  in  Diagramma.  It  seems  to  be  identical  with  Peters's 
*'ype  of  P.  notatumy  preserved  in  the  museum  at  Bet\\iv^  t\iW3L^\\»  ^\^- 
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pees  with  Peters's  description,  the  dorsal  rays  being  xii,  15,  no^:^ 
iii-i,  15,  as  stated  by  Peters.  This  species  is  probably  the  on^^  i 
3rly  described  by  Tschudi  under  the  name  of  Fristipoma  scapulars 
is  well  distinguished  by  the  color  mark,  which  has  suggested  th^ 
mes  scapularisj  melanoapilus^  and  notatus, 

57.  AinSOTREMUS  DAVID80NI. 

atipomadavidsani  Sieiad.,  lohtliyol.  Beitriige,  iii,  6,  1875  (Saa  Diogo);  Jordan  & 
Gilbert,  Proc.  U.  S.  N.  M.  1881,  385  (Catalina  Island,  San  Diego). 

Sabitat:  Coast  of  southern  California. 

Stymology :  Named  for  Prof.  George  Davidson,  of  San  Francisco. 
Phis  well-defined  species  is  not  rare  Jibout  San  Diego  and  neighbdr- 
l  islands.    It  has  not  been  taken  elsewhere. 

58.  ANiaOTREMUS  T^SNIATUS. 

isoiremuB  tamiatua  Gill,  Proc.  U.  S.  N.  M.  1861,  107  (Panama). 

BEabitat:  The  Pacific  coast  of  tropical  America,  Magdalena  Bay  to 

.nama. 

Etymology:  Tafve'a,  a  ribbon;  twniatuSy  ^tTijied, 

Chis  sx)ecies^  the  most  brilliantly  colored  of  the  genus,  is  common 

the  Pacific  coast  of  tropical  America,  where  it  replaces  the  closely 

led  Aniaotremus  virginictia.    The  differences  between  the  two  species, 

)ugh  slight,  seem  to  be  constant.    Steindachner  rexjords  the  species 

m  Magdalena  Bay.    Our  specimens  are  from  Mazatlan  and  Panama. 
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59.  ANISOTREMUS  VIROINICUS.     (Catalineta;  Porkfiah.) 

dtucupajuba  Marcgrave,  Hist.  Brasil.,  1648,  148  (Brazil). 

ira pinima  MarcgTAve,  1^8,  152  (Brazil). 

irus  virginictts  LiUiuiGnSf  Syst.  Nat.,  x,  281,  1758. 

atipoma  virginicum  GUntlier,  i,  288  (Jamaica). 

nadasys  virginiou8  Jordan  &  Gilbert,  Proc.  IT.  S.  N.  M.  1881,  385. 

laotremua  virginicua  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1861,  107;  Jordan,  Proc.  U.  S. 

N.  M.  1890,  319  (Balua). 
iru8  vitiatiuBlocU,  Ichthyol.,  taf.  2()3,  fig.  2, 1791  (after  Marcgrave,  Acarapinima). 
'oaJHha  Blocli,  1.  c,  taf.  308,  fig.  2,  1791  (after  Marcgrave). 
immiatea  niauriiii  Bloch  <&  Schneider,  Syst.  Ichthyol.,  185,  1801  (after  Sparua  rit- 

tatua), 
'iaiipoma  catharinw  Cav.  &  Val.,  v,  269,  183<). 
aiipanui  rodo  Cuv.  &  Val.,  v,  274,  1830. 
atipoma  ooarainiiimaCastelnaii,  Anim.  Nonv.  on  Rares,  1856,  8. 

BEabitat:  West  Indias,  Florida  Keys  to  Brazil. 

Etymology:  Virginia,  but  the  species  does  not  reach  thus  far  to  the 

rthward. 

rhis  well-known  species  is  the  commonest  of  the  genus  in  the  West#: 

lies  and  is  the  only  one  which  extends  its  range  to  the  coast  o 

)rida. 
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60.  ANiaOTRBMUS  CATHARINES. 

j^r-^tipoma  cailuirinw  Guv.  <&  Val.,  v,  269,  1830  (lie  Sainte  Catharine  dii  Br^sil). 

Sabitat:  Coast  of  Brazil. 

^Etymology:  From,  the  island  of  Santa  Gatarina. 

G!his  imperfectly  known  species  probably  belongs  to  Anisotremus  and 
it  is  apparently  nearest  to  A.  virginicusj  possibly  identical  with  it.  The 
following  is  a  condensation  of  the  account  giv^cn  by  Cuvier  &  Valen- 
ciennes: 

Sody  deep,  mnch  elevated  at  the  nape;   depth,  3  in  total  length  with  caudal; 

month,  small;  pores  at  chin,  very  small;  dorsal  notched,  it«  spines  long  and  strong; 

caudal  .emarginate;  second  anal  spine  longer  than  third,  which  is  as  long  as  first  soft 

fay  ;  ventrals  longer  than  the  short  pectorals.    Coloration  nearly  plain ;  sides  with 

f^int  streaks.    D.  xii,  14;  A.  iii,  10. 

A.   drawing  sent  us  by  our  friend,  M.  Alexandre  Thominot,  of  the 
Afiiseiim  at  Paris,  shows  the  general  form  of  A.  vtrginicu^y  the  spines 
in  t;be  fins  notably  strong,  especially  the  third  and  fourth  of  the  dorsal 
ancl  t: lie  second  of  the  anal.    M.  Thominot  says : 

N'oiia  ne  poss^dons  dans  la  collection  du  musi^um  qu'nn  exemplaire  type  dn  Pria- 
*ipow^€M.  catharina  do  Cuv.  &  Val.  11  port©  lo  no.  1365*  et  vient  du  Br^^sil  par  MM. 
LosooK!!.  Sc  Garnot.    Void  ce  que  nous  trouvons : 

^-    +*,P.  iV,V.i,A.  A,C.17. 

*^^y  cjns  <Spiueux  dorsaux  robustes ;  le  1«'  est  le  plus  court,  le  3'"*  le  plus  long.  T6te 
con-fcoi^ue  3^  ^  3|  foig  dans  la  longueur  totale;  le  diam^tre  de  I'ceil  =  la  longueur  du 
^^^  9  pT^opercule  fortement  denteld  dans  sa  hauteur,  rAteaux  branchiaux  manquant 
d  nii  ci^t^  et  en  tr^s  mauvais  6tat  h  I'oppos^;  pores  du  men  ton,  vu  le  mauvais  6tat  de 
cett;^  X^artie,  sont  presque  incertains ;  hauteur  du  corps  par  une  ligne  perpendicu- 
laiV'o    ixiende  do  la  base  du  S'"*'  rayon  ^pineux  de  la  dorsalo  an  milieu  des  ventrales  = 


»  i»^ar».    ^T^g  le  ^  de  I'dtendue  totale  du  sujet;  caudale  en  croissant;  je  ne  dis  rien 
***  l*^<;torales,  lesquelle*  ont  le  bout  des  rayons  incomplet;  les  ventrales  arrivent 
P  ^^*lt*e  au  cloaque. 

.  -"-^l^is  will  probably  prove  to  be  a  young  example  of  Anisotremua  vir- 
J*'***<M«  in  bad  condition. 

61.  ANIBOTREMUS  SERRIJIiA.    (Tdtd-de-Roohe.) 

^ttpoiiui  aerrula  Cuv.  &  Val.,  v,  272,  1830  (Martinique). 
j^^Hpoma  auratum  Cuv.  &.  Val.,  1.  c,  272  j[Martiuique). 
^^^^Upoma  splemiatMm  Poey,  Memorias,  11,  1860,  187  (Havana). 

habitat:  West  Indies. 
^^    Etymology:  Serrulay  a  little  saw,  a  translation  of  the  French  name 
^etite-Scie,''  used  at  Martinique. 

*3)hi8  species  we  have  not  seen.    We  place  spleniaUis  in  the  synonymy 
^    %errula  with  some  doubt,  as  it  may  have  been  based  on  the  young  of 
Z^^^9^^ious,    Except  for  the  presence  of  the  groove  at  the  chin,  as  im- 
^^ied  in  the  description  of  Cuvier  and  Valenciennes,  we  might  suppose 
^  is  species  to  be  identical  with  Oenyatremus  lutetts. 
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XIV.  GOHOBOH. 

Conodon  Cuv.  &  Val.,  Hist.  Nat.  Poissons,  v,  156, 1830  (aniUlanus  =  nohilU), 
Type:  Conodon  antilla7iu^  Cuv.  &  Val. =Perca  nobilis  L. 
Etymology:  xwvot;^  cone;  d^wy,  tootli. 

This  genus  contains  two  closely  related  species,  both  from  tropical 
America.  Tlio  genus  is  close  to  PomadasiSy  from  wliicli  it  is  separated 
by  the  enlarged  outer  teeth  and  by  the  armature  of  the  preoi>ercle. 

^  ANALYSIS  OP  SPECIES  OF   CONODON. 

a.  Back  distinctly  elevated  and  compressed,  the  depth  about  equal  to  length  of 
head,  3^  in  body;  dorsal  tins  low,  fourth  and  longest  spine  If  in  hea^l,  longest 
dorsal  ray  2^  in  head;  second  anal  spine  not  2  in  head;  second  dorsal  spine 
about  ono-half  length  of  third;  teeth  of  outer  series  enlarged,  stout;  preorbital 
nt  its  least  width  more  than  half  diameter  of  eye;  D.  xi,  i,  13;  A.  ui,  7;  scales 
G-55-13.  Color  silvery,  darker  abovo,  with  8  dark  bars  which  extend  on  sides 
below  level  of  pectoral;  sides  with  light-yellowish  streaks  in  life.  ..Nobilis,  62. 

oa.  Back  not  elevated,  the  depth  equal  to  length  of  head,  3f  in  body ;  dorsal  fin 
higher  than  in  nohilUj  fourth  and  longest  spine  2^  in  head,  longest  dorsal  ray  3 
in  head ;  second  anal  spine  2  in  hea<l ;  second  dorsal  spine  about  one-third  length 
of  third;  teeth  of  outer  aeries  slightly  enlarged,  slender;  preorbital  at  its 
least  width  less  than  half  diameter  of  eye ;  D.  xi,  1, 12 ;  A.  in,  7.  Scales,  6-^5^13. 
Color  silvery,  darker  above  with  dark  bars  on  sides  which  do  not  extend  to 
level  of  pectoral Skkkifer,  63. 

62.  CONODON  NOBILIS. 

Perca  nobilis  Linna3us,  Syst.  Nat,  fed.  x,  1758,  191  (North  America). 

Sciwua plumieri  Bloch,  Ichthyol.,  vi,  66,  taf.  306,  1791  (Martinique). 

Conodon  plumierif  Giinther,  i,  304. 

Sciama  coro  Bloch,  1.  c,  pi.  307,  f.  2  (after  Coro-coro,  Marcgrave). 

Cheilodipierus  ckrysopterus  Lacdi>fede,  Hist.  Nat.  Poiss.,  iir,  542,  pi,  33,  f.  1. 

Conodon  antillanus  Cuv.  &.  Val.,  v,  156,  1830. 

PHstipoma  coro  Cuv.  &  Val.,  v,  266,  1830. 

Habitat:  West  Indies,  coast  of  Texas  to  Brazil. 

Etymology:  NohiliSy  noble. 

This  species  is  not  rare  in  the  West  Indies  and  is  more  common  on 
the  coast  of  Brazil.  It  has  been  once  taken  on  the  coast  of  Texas  and 
is  probably  a  species  inhabiting  sandy  shores.  The  name  fwbilis,  in 
all  probability  intended  for  this  ^ecies,  has  priority  over  any  other, 
although  less  doubt  attaches  to  the  name  plumieru 

63.  CONODON  SERRIFER. 

Conodon  plumierif  Streets,  Bull.  U.  S.  N.  M.,  vii,50,  1877  (BocaSoledad,  Lower  Cali- 

foruia;  not  of  Cuv,  &  Val.). 
Conodon  serrifer  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1882,  351  (same  specimens). 

Habitat:  Pacific  coast  of  Mexico. 

Etymology:  Serra^  saw;  feroj  1  bear. 

This  species  is  still  known  only  from  the  original  types,  tbreo  speci- 
mens (17546,  U.  S.  N.  M.),  taken  by  Dr.  Streets  at  Boca  Soledad  on 
the  Pacific  coast  of  Lower  California.  It  is  close  to  C.  'nobilisy  but 
slenderer^  and  somewhat  different  in  armature. 
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XV.  POMADASIS. 

Pomadaaia  Lac^pMe,  Hist.  Nat.  Poiss.,  iv,  1803,  516  (argenieua). 
lies Priatipomes  Cuvier,  R^gue  Animal,  ed.  1,  1817,  279  {haata,  oto.)* 
Pzistipoina  Cavior,  R^goe  Animal,  ed.  2, 1829  (hiiaia,  etc.). 
Brachydeaterus  *  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1862,  17  (aurituM). 
Paeudopriatipoma  Saavage,  Bull.  Sci.  Pliiloin.,  iv,  220,  1880  [leucurum). 
Basmnlopaifl  Steind.,  Ichthyologische  Notizen,  viii,  1869,  9  (corvincefomie). 

Type:  Sci€ena  argentea  Yorsk^l. 

Etymology:  itw/iaj  operculum;  ^aaoq^  rough,  hence  more  correctly 
written  Fomadasys, 

This  genus  is  composed  of  small  shore  fishes,  some  of  its  representa- 
tives being  found  in  most  tropical  seas.  The  three  principal  types,  or 
subgenera,  are  all  represented  in  American  waters.  The  Pacific  coast 
species  of  this  genus  are  well  known,  but  those  of  the  Atlantic  need 
further  study  and  comparison.  Several  of  the  species  enter  fresh 
waters,  and  perhaps  belong  to  the  brackish-water  fauna.  Numerous 
species  are  found  on  the  west  coast  of  Africa  and  about  the  Gape 
V^rde  Islands,  but  so  far  as  known  none  enter  European  waters. 

ANALYSIS  OF  AMEBICAN  8PECIKS  OF  POMADASIS. 

a.  Anal  spine  strong,  the  second  much  longer  and  stronger  than  the  third;  soft 
dorsal  and  anal  nearly  or  qaite  naked. 
h.  Teeth  in  npper  Jaw  in  yilliform  bands,  those  in  front  more  or  less  enlarged, 
acute  (Pamadasis), 
c.  Dorsal  spines,  xii;  preorbital  broad. 
d.  Month  large,  maxillary  reaching  to  anterior  third  of  eye,  about  2(  in  head. 
e.  Scales  rather  smaU,  8-56-20.     Body  elongate-elliptical,  compressed,  some- 
what elevated  at  nape ;  anterior  profile  straight  from  nape 
to  end  of  snout;  snout  produced,  blunt,  rounded;    preop- 
ercle  and  suprascapular  scale  coarsely  serrated;  dorsal  fin 
deeply  notched ;  dorsal  spines  low,  the  longest  about  2f  in 
head ;  soft  dorsal  short,  its  base  contained  about  2^  times 
in  base  of  spinous  portion ;  second  anal  spine  very  long  and 
strong,  about  If  in  head ;  soft  dorsal  and  anal  slightly  scaly 
at  base;  pectoral  short,  not  reaching  vent.    Coloration 
uniform.    Head,  2^,  depth,  3^;  scales  8-56-20;  D.  xii,  12; 
A.  Ill,  7;  eye,  5;  preorbital,  6^;  snout,  3^;  maxillary  2}; 
pectoral,  5  in  body;  fourth  dorsal  spine,  2f ;  second  anal 

spine,  If;  soft  dorsal,  2^  in  spinous Humilis,  6*1. 

ee,  (Scales  still  smaller,  65  in  a  longitudinal  series;   body  elongate^  the 

depth  4^  in  total  length  with  caudal ;  head  nearly  4 ;  eyo, 
4  in  head;  maxillary  exteudhig  a  little  beyond  front  of 
eye;  anal  spines  strong,  the  second  f  the  depth  of  body. 
Color  nearly  plain,  silvery  below.  D.  xii,  12;  A.  iii,  7.) 
(Poey) Productus,  65. 


*  Krroneonsly  supposed  to  be  a  genus  of  Sci(gnid<e,  its  typical  species  having  been 
placed  by  Cuvier  in  Larimu9, 
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dd.  Mouth  small,  the  maxillary  not  reaching  to  anterior  edge  of  orbit,  aboi 

3^  in  heail;  pectorals  lung,   1^  in  head;  scales  larf 
6-48-14.     Body  ovate-elongate,  compressed,  considerabZI 
elevated  at  nape;  auterior  profile  straight  or  slightlT 
concave  from  nape  to  point  of  snont ;  snont  sharp  sl 
pointed;   proopercle   and   suprascapular  scale   coanel 
serrate ;  dorsal  fin  very  deeply  notched ;  dorsal  spines  loi 
and  strong,  the  longest  about  2  in  head ;  soft  dorsal shoi 
its  biise  contained  about  2^  times  in  base  of  spinous 
tion;  second  dorsal  spine  very  long  and  strong,  about  2 
head ;  soft  dorsal  and  anal  with  a  single  row  of  s  fe 
scales  behind  each  ray  near  the  base;   pectoral  loi 
reaching  a  little .  beyond  the  vent,  about  3|  in  bod 
Coloration  in  spirits  dnsky,  with  a  metallic  luster  aboi 
lighter  below;  about  four  dusky  transverse  bands  extei 
ing  to  level  of  pectoral.    Head,  2|;  depth,  2|;  seal 
6-48-14;  D.  xii,  13;  A.  in,  7;  eye,  4|;  preorbital, 
snout,  2|;  maxillary,   3^;  i>ectoral,  3|  in  body;  foui 
dorsal  spine,  2  in  head;  second  anal  spine,  2;  soft  doi 

2i^  in  spinous ^ Macbacanthlts, 

oc.  Dorsal  spines,  xiii;  preorbital  narrow. 

/.  Body  m'oderately  elongate,  the  depth  2f  to  3  in  length. 
g.  Snout  pointed,  3|  in  head.    Body  elongate,  compressed,  the  ba 

elevated,  high  at  the  nape,  the  anterior  profile  rat^*^' 
irregular,  varying  with  age;  a  more  or  less  distinct  irO^' 
tal  depression  above  eye  in  old  specimens;  mouth  sca-^**  ' 
the  maxillary  barely  extending  to  the  anterior  edg^    ** 
orbit;  lower  jaw  included;  preopercle  coarsely  serr***^' 
the  teeth  wide   apart;  teeth  small,  the  outer  scar*^"^'^ 
enlarged;  scales  rather  largo,  6-54-16,  those  above     ^\, 
lateral   line   parallel;    dorsal    fin  moderately  not-cl*^  * 
second  anal  spine  \i5ry  strong  and  long,  reaching   X^^f 
tips  of  all  the  rays;  pectoral  short,  caudal  slightly  lui»**'^ 
Color  rather  plain,  about  3  or  4  ill-defined  longitu*!*^* 
dark  stripes  along  sides,   one  ftom.  point  of  snoimt^   J 
middle  of  base  of  caudal.    Head,  3 ;  depth  2}  to  3i ;  s^^*? 
6-54-16;  D.  xiii,  11-12;  A.  111-6,  7;  eye,  3^  to  5;  pr^^ 
ital,  4  to  8 ;  snout,  2^  to  3| ;  maxillary,  3  to  4 ;  pectoral,  ^  f 
1^;  fourth  dorsal  spine,  1|  to  2i^;  second  anal  spine,  %■  'i 

2;  soft  dorsal,  2  in  spinous Crocrc^-^ f 

gg.  Snout  longer,  uiodoiatcly  pointed,  about  3  in  head;  body  elon;^^ 
ovate,  compressed,  the  back  elevated,  depth  about  ^ 
length ;  pectorals  rather  long,  1^  in  head ;  anterior  pr^ 
steep  and  convex  over  snout,  depressed  above  eye,  bec9V 
ing  slightly  convex  at  nape;  top  of  head  with  a  slighti^ 
pression ;  mouth  small,  the  maxillary  barely  reachintf 
the  anterior  edge  of  eye;  preorbital  very  narrow;  tv 
arranged  in  narrow,  thickly -set  bands,  those  in  fro^ 
little  broader;  preopercle  and  scapula  strongly  setf 
the  serriR  wide  apart  at  angle ;  eye  very  large,  about 
head;  soft  dorsal  and  anal  slightly  scaly  at  base;  ^ 
fin  only  mo<lerately  notched,  the  soft  part  much  ol 
and  lower  than  the  spinous  portion;  dorsal  spin^ 
high  and  stout;  second  anal  spine  very  long  anddf 
pectoral  long;  caudal  slightly  lunate.    Color  oal 
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silver  gray,  the  base  of  each  scale  slightly  darker.  Head^ 
3;  depth,  3;  scales,  7-49-12;  D.  xiii,  xiv-12;  A.  ill,  7; 
eye,  3^;  preorbital,  5^ ;  snont,  3;  maxillary ,  3f ;  i>ectora1, 
li;   fourth  dorsal  spine,  1^;  second  anal  spine,  1|;  soft 

dorsal,  2}  in  spinous Branicki,  68. 

Body  very  long  and  low,  compressed,  the  back  little  elevated,  the  depth 
about  3|  in  length ;  pectorals  shortish,  1^  in  head.  Second 
anal  spine  very  long,  li^  in  head ;  anterior  profile  irregular, 
straightish  over  snout,  slightly  convex  above  eye,  occiput 
concave,  convex  at  nape ;  mouth  moderate,  the  maxillary 
reaching  to  front  of  pupil ;  preopercle  and  scapnla  very 
coarsely  serrated,  teeth  at  aujgle  of  preopercle  almost 
spiny;  eye  large;  base  of  soft  dorsal  and  anal  naked  or 
slightly  scaly;  dorsal  fin. only  slightly  notched,  the  soft 
part  about  half  as  long  as  spiny  portion;  dorsal  spines 
very  strong ;  second  anal  spine  very  long,  reaching  beyond 
tips  of  last  rays ;  pectoral  short ;  caudal  truncate.  Color  of 
body  metallic  grayish-golden  with  indistinct- streaks  and 
bands ;  belly  lighter,  fins  dusky.  Head,  3  to  3| ;  depth, 
3ito3i;  scales,  6-54-U;  D.  xiii,ll  orl2;  A.  iii,  6-7 ;  eye, 
3^;  preorbital,  5^  to  8;  snout,  31;  maxjUary,  3;  pectoral, 
H;  fourth  dorsal  spine.  If  to  2;  second  anal  spine,  1^; 

soft  dorHal,  2  in  spinous Ramosus,  69. 

in  upper  jaw  in  broad  villiform  bands,  not  differentiated.  (PseudO' 
prUHpoma  Sauvage.) 
h.  Third  dorsal  spine  produced,  ranch  longer  than  the  others,  abont 
half  length  of  head ;  second  anal  spine  somewhat  shorter; 
profile  convex;  scales  nearly  smooth;  pectoral  fin  very 
long,  as  long  as  head ;  preopercle  weakly  serrate.  Color 
silvery;  lower  fins  white;  a  distinct  dark  blotch  on  oper- 
cle  and  a  fainter  one  on  sides  below  spinous  dorsal.  Body 

rather  robust Panamensis,  70. 

nes  small  or  moderate,  the  second  little  if  any  longer  or  stronger  than 
third ;  anal  lower  than  the  soft  rays ;  soft  dorsal  and  anal 
largely  covered  with  small  scales ;  body  oblong,  not  ele- 
vated ;  scales  above  lateral  line  parallel  with  the  back. 
Color  grayish,  with  light  and  dark  stripes  along  rows  of 
scales,  these  sometimes  obscure.  Scales  large,  about  6  in 
a  vertical  row  between  first  dorsal  spine  and  lateral  line, 
45  to  55  in  the  lateral  line ;  dorsal  spines,  12.  {Brachydeu- 
Uru8  Gill.) 

i.  Pectoral  fin  long,  nearly  equal  to  head;  preorbital  broad,  abont 
as  wide  as  eye. 
j.  Axillary  blotch  large,  black,  encroaching  on  the  rays  of  the  pec- 
toral fin ;  pectoral  fin  nearly  as  long  as  head;  body  rather 
robust,  the  back  elevated,  the  profile  even ;  dorsal  deeply 
notched;  second  anal  spine  short  and  stout,  3^  to  4  in 
head;  fins  unspotted;  body  with  faint  dark  crossbands; 
back  and  sides  with  dark  stripes  formed  by  dark  spots 
along  the  rows  of  scales.  Head,  3| ;  depth,  3^ ;  D.  xii,  16 ; 
A.  Ill,  9 ;  scales  6-50-10 Axillaris,  71. 

n.  Pectoral  fin  short,  mnch  shorter  than  head;  anal  spines  very 
small. 
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k,  Preorbital  narrow,  uot  bo  broad  as  eye ;  the  second  anal  opiue 
shorter  than  the  third;  a  large  blackish  rounded  blotch, 
nearly  as  large  as  eye,  behind  the  suprascapula  at  tUe 
origin  of  the  lateral  lino.    Body   rather  elongate,  tb* 
mouth  small,  the  maxillary  not  quite  reaching  front  ^^ 
eye.    Head,  4  in  length ;  depth,  3^ ;  eye,  3} ;  snout,  3;  p^' 
toral,  1| ;  fourth  dorsal  spine,  2  in  head ;  second  aual  Bpis^^i 
nearly  4;  D.  xii,  15;  A.  iii,  8;  scales,  6-52-10.    Silver"  J> 
darker  above,  with  dark  streaks  along  the  rows  of  scal^^^i 
scapular  blotch  conspicuous Nitidus,  "S-- 

kk,  Preorbital  brotul,  uot  narrower  than  eye ;  anal  spines  stouti^^'^' 
the  second  little  if  any  shorter  than  third ;  no  dark  blot:::^^^^ 
bu  scapular  region. 
l.  Maxillary  reaching  front  of  eye,  3J  in  head ;  sides  of  bJL---^'' 
with  distinct  dark  streaks  along  the  rows  of  scales;  hei 
3i  to  3J  in  length ;  depth,  3^  to  4;  eye,  4^  in  head;  suo 
2}  to  3^ ;  pectoral,  1^ ;  fourth  dorsal  spine,  2  to  2^  in  h 
second  aual  spine,  3;  upper  lobe  of  caudal  longer. 
XII,  15;  A.  Ill,  7;  scales,  5-50-11.    Color  olivaceous,  ^» 
very  below;  the  dark  streaks  conspicuous  along  the  ro 

of  scales Cor vin^fobmi^, 

Ih  Maxillary  not  reaching  front  of  eye;  sides  with  indisti 
dark  streaks  or  none;  body  rather  elongate;  colorati 
nearly  plain;    anal  spines   uot   graduated,   the  seco 
stoutish  and  scarcely  shorter  than  third;  preorbital  v 
deep,  wider  than  eye ;  pectorals  short,  much  shorter  thi 
head;  color  silvery,  young  with  traces  of  dark  crossban^*' 
and  dark  lengthwise  streaks;  maxillary  not  reaching  ey 
dorsal  deeply  notched.    Head,  3  in  length;  depth,  3; 
XII,  15  or  16;  A.  iii,  8;  scales,  6-52-12;  preorbital,  Sf 
4  in  head ;  foui*th  dorsal  spine,  If ;  maxillary,  3^  to  3} 
head ;  snout,  2|  to  2^  in  head, 
m.  Body  moderately  elongate,  the  depth  3  in  length ;  an 
rior  profile  somewhat  convex;  preorbital,  3f  in  head, 
little  more  than  eye ;  anal  spfhes  moderate,  the  secon 

2i  to3in  head Lecciscus,  7 

mm.  Body  more  slender,  the  depth  3^  in  length;  anteri 
profile  straight ;  preorbital  4  in  head,  a  little  less  th 
eye ;  anal  spines  smaller,  the  second  3}  to  4  in  head. 

Elongatus,  75^ 

64.  POMADASIS  HUMILIS. 

PrUtipama  humile  Kner  <&  Steindachner,  Sitzgber.  Akad.  Wiss.  (MUnoh. ),  1863, 222  (Rio 
Bayano,  near  Panama). 

Habitat:  Pacific  coiist  of  Oeutral  America,  ofteu  or  always  in  fresh 
waters. 

Etymology:  Humilisj  humble. 

This  species  is  kiiowu  from  a  few  specimens,  all  taken  from  the  Rio 
Bayano,  near  Panama.  The  two  examinwl  by  us  (30957 )  were  taken  by 
Capt.  John  M.  Dow.  In  the  same  bottle  was  a  specimen  of  Joiurus 
pichardi  (type  of  Joturus  stipea)^  which  is  a  strictly  fresh-water  sx>^i<^ 
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65.  POMADASIS  PRODUCTUS. 
^*T%9tipama productum  Voej,  Memoriafl,  ii,  I860,  186  (Havana). 

Habitat:  West  Indies. 

Etymology:  ProductuSj  produced,  from  the  long  snout. 

This  species,  which  seems  closely  allied  to  P.  humiliSjiH  known 'only 
firom  Poey's  descriptions.  From  P.  ramosus  it  differs,  if  the  descrip- 
tioTis  can  be  trusted,  in  having  but  12  dorsal  spines. 

66.  POMADASIS    MACRACANTHUS. 

^^rittipoma  macracanthum  GUnther,  Proc.  Zool.  Soc.  Lond.  1864.  146  (Chiapas). 

Habitat:  Pacific  coast  of  tropical  America. 

i^tymology:  naxpot;^  long;  ^xavOa^  spine. 

This  species  is  generally  common  along  the  west  coast  of  Mexico  and 
Central  America.  The  specimens  examined  by  us  are  from  Panama, 
^^^zatlan,  Chiapas,  and  Punta  Arenas.  The  East  Indian  Pomadasis 
^^*^t€M^  the  type  of  Pristipomay  is  allied  to  P.  ma<yracanihu8^  but  has  the 
!>^-olt  and  the  dorsal  fin  spotted,  somewhat  as  in  P.  suillus. 

67.  POMADASIS  CROCRO. 


tijpoma  croero  Cuv.  &  Val.,  Hiat.  Nat.  PoIbs.,  v,  264,  1830. 
ipoma  cultriferum  Poey,  Memorias,  ii^  1860,  185. 

s  approximant  Bean  &,  Dresel,  Proc.  U.  S.  N.  M.  1884,  160  (Jamaica). 

^B^^itat:  West  Indies,  Cuba  to  Brazil. 

^Stiymology :  Croero j  the  vernacular  name  at  Martinique. 

is  species  is  generally  common  in  the  West  Indies,  especially  on 
coasts.    The  specimens  examined  by  us  are  from  Cuba  (type  of 
ipoma  cultriferum  Poey,  in  the  museum  at  Cambridge),  an^  from 
^^o  Matheus,  Itabapuana,  and  Cannaiivieras,  in  Brazil. 

68.  POMADASIS  BRANICKI. 

^^'^tipoma  hranicki  Steindachner,  Denkschr.  kaiaerl.  Aka<l.  Wiws.  Wien,  xii,  28,  1879 
(Tmnbez,  Pern). 

Babitat :  Pacific  coast  of  tropical  America. 

Etymology:  A  personal  name. 

This  small  species  closely  resembles  P.  croero  and  P.  ramosus.  It  is 
generally  common  on  the  sandy  coasts  of  tropical  America  on  the  Pacific 
side.  The  specimens  seen  by  us  are  from  Mazatlan,  Panama,  Bio  Zana- 
tenco,  and  Chiapas. 
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69.  POMADASIS  RAMOSXJS. 

PrisHpoma  ramoaum  Poey,  Memorias,  ii,  1860, 186  (Havana). 

PrUtipanui  boucardi  Steindachner^  Ich.  Notizeu,  ix,  1, 1869  (Gulf  of  Mexico). 

Habitat:  West  Indies,  south  to  Brazil. 

iJtyniology:  RamosuSj  brancbed,  the  coft  rays  of  the  ventrals  being 
much  branched. 

Of  this  8i)ecie8  we  have  examined  a  specimen  6  inches  long  (418,  M. 
0.  Z.)  from  Hayti.  A  number  of  sjiecimens  in  the  Museum  of  Com- 
X)arative  Zoology  agree  with  tliis  one,  except  that  the  anal  spine  is 
shorter,  2  in  head;  these  bear  an  unpublished  Mss.  name  given  by 
Dr.  Steindachncr,  but  we  are  not  i)repared  to  separate  them  fiom 
P.  hovLcardi;  they  are  10615,  M.  C.  Z.,  Sao  Matheus,  the  hirgest  a  foot 
in  length,  collected  by  Hartt  &  Copelaiid,  and  2421,  M.  C.  Z.,  from  Rio 
Una,  collected  by  Antonio  de  Lacerda.  Pristiponia  boucardi  Stein- 
dachner  seems  to  us  identical  with  the  specimen  from  Hayti.  It  is 
probable  that  this  is  the  same  as  P.  ramosus  Poey,  but  the  description 
of  Poey  is  not  very  full. 

70.  POMADASIS  PANAMBNSIS. 

PriBtipoma  panamenns  SteindacUner,  Ich.  Beitrage,  m,  8,  1875  (Panama). 

Habitat:  Pacific  coast  of  tropical  America. 

Etymology :  From  Panama. 

This  well-marked  species  is  generally  common  on  the  Pacific  coast  of 
tropical  America.  Those  examined  by  us  are  from  Panama  and 
Mazatlan. 

71.  POMADASIS  AXILLARIS. 

Pristipoma  axillare  Steindachner,  Ich.  Notizen^  vm,  7, 1869  (Mazatlan). 
PomadaaU  axillaris,  Evermann  &,  Jenkins^  Proc.  U.  S.  N.  M.  1891,  151  (Gaaymas). 

Habitat:  Pacific  coast  of  Mexico. 

Etymology:  Axillaris j  from  the  black  axillary  spot. 

This  species  is  known  only  from  about  Mazatlan,  where  it  was  found 
to  be  rather  common  by  Dr.  Gilbert,  and  from  Guaymas,  where  it  was 
obtained  by  Evermann  &  Jenkins.  One  of  the  specimens  of  Pmiif^ 
^^'leudscus^^  obtained  in  Lower  California  by  Dr.  Streets  belongs  to  this 
species,  the  other  to  P.  nitidm, 

72.  POMADASIS  NITIDnS. 

PriBUpoma  nitidum  Steindachnor,  Ich.  Notizen,  vui,  5»  1869  (Mazatlan). 

Habitat:  Pacific  coast  of  tropical  America. 
Etymology:  NitiduSj  shining. 

This  small  species  has  been  taken  at  Mazatlan,  Panama,  and  i»i  the 
Gulf  of  California, 
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73.  POMADASIS  CORVIN2IFORMIS. 
Hamulon  carvincBforme  Steindachner,  Ich.  Notizen,  vii^  16,  1868  (SantoH,  Brazil). 

Habitat:  Coast  of  Brazil. 
•  Etymology:  Corvina,  a  genuH  of  Scicenidw;  forma^  sbape. 

This  species  has  been  taken  a  few  times  on  the  coast  of  Brazil.  The 
specimen  examined  by  us  (4539,  M.  C.  Z.)  was  collected  by  Agassiz  at 
Rio  Grande  do  Sul. 

74.  POMADASIS  LSUCISCUS. 

PrUtipoma  leuciacus  Gunther,  Proc.  Zoo).  Soc.  London  186-^  147  (San  Jose  de  Nica- 
ragua, Chiapas). 

.  Habitat:  Pacific  coast  of  tropical  America. 
Etymology:  Lettciscus,  a  chub  or  shiner,  from  Xeuxo^y  white. 
This  species  is  not  rare  on  the  Pacific  coast  of  Mexico.    The  speci- 
mens examined  by  us  are  from  Mazatlan  and  Panama. 

75.  POMADASIS  ELONQATUS. 

Priitipama  leuoi»ous,  yar.  elongatus  Steindachner,  Neue  nnd  seltene  Fische  aus  dem  k.  k. 
Maseum,  1879,  30,  52,  Taf.  9,  f.  2  (Tumbez,  west  coast  of  South  America). 

Habitat:  Pacific  coast  of  tropical  America. 

Etymology :  ElongatuSj  elongate. 

This  species  occurs  with  P.  letwiscusy  and  so  far  as  our  experience 
goes  it  is  the  more  common  of  the  two.  The  differences  between  them 
are  very  slight.  Elongatu^  is  more  slender,  with  straight  profile,  the 
preorbital  broader,  and  the  anal  spines  somewhat  smaller,  the  third 
hardly  as  long  as  the  second.  In  all  other  respects  the  two  are  identical 
and,  at  the  best,  P.  elongatus  must  be  regarded  as  a  doubtful  species. 
Possibly  it  is  the  male  of  P.  leuciscusj  but  such  sexual  differences,  or  in 
fact  any  sexual  differences,  are  unusual  in  the  family. 

XVI  OBTHOPBISTIS. 

Orthopxlstis  Girard,  U.  S.  Mex.  Bound.  Survey,  1859, 15  {duplex=chrjf8opteru9) 
Mlcrolepidotns  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1862, 255  (inornatua), 
Pilstocanthania  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  1862, 256  (cantharinus). 
Isaciella  Jordan  &  Fesler,  subg.  nov.  (brevipinnis). 

Type:  Orthopristis  duplex  Girard=Perca  chrysoptera  LinnaBus. 

Etymology:  dpOoq^  straight;  7tpiari<;j  used  for  izpiorrj^y  a  saw,  in  refer- 
ence to  the  evenly  serrated  preopercle. 

This  genus  contains  a  considerable  number  of  specie^  differing  from 
Pomadasis  by  the  long  anal  fin,  the  smaller  scales,  and  by  the  less  devel- 
opment of  the  dorsal  spines.  Nearly  all  the  species  are  American.  The 
group  is  divided  into  three  subgenera,  the  extremes  of  which  differ 
considerably  from  each  other. 

For  the  sake  of  comparison,  we  introduce  the  single  representative 
of  this  genus  found  in  the  waters  of  Europe. 
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ANALYSIS  OF  SPECIES  OF   ORTHOPRISTI8. 

a.  Dorsal  spines,  xii  or  xiii. 
6.  Soft  dorsal  and  anal  scaleless;  niouth  small;  temporal  crest,  which  arises  from 
behind  the  eye,  very  low  and  inconspicuous,  the  upper  edge  below  base 
of  the  high  snpraoccipital  crest,  which  originates  over  the  pupil  (exam- 
ined in  poeyi,  chry&opteruSf  ohalceuf,  and  ruber) [Orthopristis.  J 

c.  Preorbital  narrow,  more  than  5  in  head;  second  anal  spine  much  stronger 
than  third  and  about  the  same  length,  less  than  3  in  head  and  alK>nt 
equal  in  length  to  first  anal  ray ;  scales  largo,  7-49-13.  Body  com- 
l^ressed,  the  back  moderately  elevated;  anterior  profile  a  little  concave 
and  depressed  above  eye;  prcopercle  finely  and  sharply  serrate;  gill- 
rakers  short  and  slender;  snout  short,  rather  sharp,  equal  to  maxillary; 
eye  large ;  jaws  subeqnal,  with  the  outer  teeth  scarcely  enlarged.  Scales 
arranged  above  in  series  which  are  oblique  only  to  second  third  of  dor- 
sal, behind  that  point  horizontal.  Dorsal  fin  low,  but  divided  nearly  to 
base ;  spines  slender,  the  last  one  not  half  first  soft  ray,  which  is  low  but 
larger  than  the  others;  anal  low,  with  concave  margin;  pectoral  long; 
caudal  forked,  upper  lobe  longer.  Color,  grayish  above,  silvery  below; 
dark  opercular  edging  conspicuous;  no  distinct  marking^.  Head,  3^; 
depth,  3f;  D.  xii,  15;  A.  iii,  11;  scale*,  7-49-13;  maxillary,  3f;  eye, 
3};  preorbital,  5};  pectoral,  1;  snout,  3f ;  spinous  dorsal,  2;  second 
anal  spine,  2i ;  base  soft  dorsal  in  spinous,  1} Bennetti,  76. 

cc.  Preorbital  broad,  less  than  5  in  head;  second  anal  spine  about  as  stout  as 
third,  more  than  3  in  head,  not  as  long  as  first  ray ;  scales  small ;  ante- 
rior profile  not  concave, 
d.  Anal,  lii,  10  or  11;  snout  short  and  sharp,  more  than  3  in  head;  eye  large, 
about  4  in  head.    Form  and  general  appearance  of  chrysopi^rus;  body 
oblong,  compressed,  the  ba<;k  elevated,  the  profile  steep   and  nearly 
straight ;  convex  at  the  nape ;  preopercle  finely  and  sharply*  serrate ;  teeth 
small,  outer  above  a  little  enlarged. 
e.  Lower  Jaw  included;  soft  dorsal  with  14  rays;  scales  large,  S-64-15;  gili- 
rakers  very  short  and  slender,  x  -f- 15 ;  pectoral  short,  1^^  in  head ;  max- 
illary  not  reaching  to  eye.    Dorsal  nearly  continuous,  the  soft  dorsal  low, 
with  convex  outlines ;  anal  roimded,  not  very  low ;  second  spine  as  long 
and  as  largo  as  third,  much  shorter  than  soft  rays;  caudal  moderate, 
the  upper  lobe  longer.    Color,  bluish  above,  silvery  below ;  a  browniflli 
spot  on  center  of  each  scale  above,  these  forming  streaks  much  as  in  lelho- 
prietiSy  those  above  the  lateral  line  less  continuous  and  a  little  more 
wavy  than  in  hthopristis ;  the  young  with  two  faint  longitudinal  dasky 
streaks  on  each  side  of  back ;  both  dorsals  with  rows  of  brownish  spots* 
Head,  3i;  depth,  2f;  D.  xii,  14;  A.  in,  10;  scales,  8-^54-15;  maxillary,  S\; 
eye,  4;  preorbital,  4 ;  pectoral,  1|;  snout,  3^;  spinous  dorsal,  2i;  second 
anal  spine,  3^ ;  anal  ray,  2^ ;  base  soft  dorsal  in  spinous,  1|. . .  Ruber,  TH. 
ee.  Jaws  subequal;  soft  dorsal  15-16;  scales  small,  9-68-18;  gill-rakers  v^xr; 
short  and  small,  x  -f  12;  pectoral  falcate,  long,  equal  to  head;  maxill»-=vy 
reaching  to  eye.    Outline  of  dorsal  straight,  no  notch;  spines  low  a^"«i* 
slender ;  soft  dorsal  low  and  equal ;  anal  rather  higher  and  shorter,  tr^  '^^ 
spines  graduated ;  edge  of  fin  convex ;  caudal  moderately  forked,  t>  *® 
upper  lobe  longer.     Color  paler  than  in  UthopristU ;  pale  chalky-bluft^ 
streaks  along  the  edges  of  the  rows  of  scales ;  a  pale  streak  below  hm^^^ 
of  dorsal;  fins  rather  pale,  the  soft  dorsal  mottled  with  darker,    liem^f 
3i;  depth,  2J;  D.  xii  or  xiii,  15  or  16;  A.  iii,  10  or  11;  scales,  9-58-1^/ 
maxillary,  3^;  eye,  4f ;  preorbital,  4^;  pectoral,  IJ;  snout,  2|;  spinous 
dorsal  2^;  second  anal  spine,  4 ;  anal  rays,  2| ;  base  soft  dorsal  in  spiuons, 
U Chalcbus,?^ 
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dd.  Anal  rnys,  iii,  12  or  13;  Bnout  long  and  sharp,  loss  than  3  iu  head;  eye 
small,  about  5  in  head.  Jaws  eqnal^  with  a  narrow  band  of  slen- 
der teeth,  the  outer  above  a  little  larger;  maxillary  not  reaching 
to  eye;  proopercle  very  slightly  serrate  above,  the  serrie  blunt, 
obsolete  below;  gill-rakers  short  and  slender,  x  + 12.  Scales 
small;  the  crown,  cheeks,  and  pieces  of  the  ^ill-cover  covered 
with  small  scales;  snout  iu  advance  of  the  nostrils,  suborbitals 
and  lower  Jaw  naked;  dorsal  aud  anal  spines  inclosed  in  a  deep 
scaly  sheath.  Outline  of  dorsal  slightly  notched;  anal  rather 
high ;  pectoral  shortish ;  caudal  well-forked. 
/.  Second  anal  spine  shorter  than  third,  more  than  5  times  in  head. 

g.  Body  ovate-elliptical,  much  elevated  at  shoulders,  dei)th  less  than  3 
in  body;  scales  comparatively  small,  10-60-19;  dorsal  rays,  16. 
Color  metallic  brownish-olive  above,  changing  to  yellowish  on 
belly;  indistinct  golden  streaks  along  rows  of  scales;  yellowish  and 
bluish  blotches  on  An  membranes.  Head,  3i;  depth,  2f ;  D.  xii 
or  XIII,  16;  A.  iii,  12  or  13;  scales,  10-60-19;  maxillary,  3i;  eye,  5; 
preorbital,  3J ;  pectoral,  1^;  snout,  2||;  spinous  dorsal,  2^  ;  second 
anal  spine,  5i;  anal  rays,  3;  base  soft  dorsal  in  spinous,  1^. 

CHRY80PTERU8,  79. 

gg.  Body  elongate-elliptical,  slightly  elevated  at  shoulders ;  depth,  3^ 
in  body ;  scales  comparatively  large,  8-60-16 ;  dorsal  rays,  15.  Color 
metallic  grayish-blue  above,  yellowish  below;  faint  lighter 
streaks  following  the  rows  of  scales ;  blotches  on  fin  membranes. 
Head,3i;  depth,  3i;  D.  xii,  15;  A.  in,  12;  scales  8-^0-16;  maxil- 
lary, 3|;  eye,  5;  preorbital,  3f ;  pectoral,  1^;  snout,  2^;  spinous 
dorsal,  3;  second  anal  spine,  5};  anal  rays,  3;  base  soft  dorsal  in 

spinous,  1| ,..-.' PoKYi,  80. 

ff.  Second  anal  spine  about  as  long  as  third,  less  than  5  times  in  hea<l ; 
mouth  small,  maxillary  4  in  head;  snout  short,  2^  in  head;  spin- 
ous dorsal  high,  2|  in  head.  Body  oblong,  the  back  elevated,  less 
so  than  in  chalceus;  the  profile  convex  at  the  nape,  depressed 
above  eye,  thence  perfectly  straight  to  the  tip  of  snout.  Color 
brownish  gray  above,  soiled  silvery  below ;  upper  parts  with  eight 
diffuse  crossbands  as  wide  as  the  interspaces,  extending  to  below 
middle  of  sides ;  membrane  of  opercle  dark,  some  dark  streaks 
following  rows  of  scales;  dorsal  with  some  dull  orange  and  some 
pale  round  spots  as  in  ohryBopteras,  Head,  3^;  depth,  2|;  D.  xii 
or  xin,  15-16;  A.  in,  12;  scales  9-60-18;  maxillary,  4;  eye,  4|; 
preorbital,  4 ;  pectoral,  1 ;  snout,  2i| ;  spinous  dorsal,  2| ;  second 
anal  spine,  4 ;  anal  rays,  2| ;  base  soft  dorsal  in  spinous,  1^. 

Cantharinus,  81. 
^.  Soft  dorsal  and  anal  covered  with  small  scales.  {laaciella  Jordan  &  Fesler.) 
h.  Preopercle  entire;  preorbital  broad,  4|  in  head;  mouth  rather 
large,  maxillary  shorter  than  snout.  Body  rather  elongate,  in 
form  intermediate  between  hrevipinniB  and  chalceus;  back  elevated 
and  compressed,  especially  anteriorly;  profile  regularly  rounded; 
mouth  larger  than  in  other  species  of  Orthoprisiis;  teeth  small, 
the  outer  above  longer,  slender,  and  close-set;  maxillary  not 
reaching  to  opposite  front  of  eye;  gill-rakers  of  moderate  length, 
a  little  shorter  than  pupil,  x-f>14;  snout  long,  moderately  sharp; 
eye  moderate;  jaws  subequal;  scales  large;  some  series  of 
scales  on  soft  dorsal  and  anal,  a  row  close  behind  each  ray. 

H.  Mis.  113 32 


t98        REPORT   OF   COMMISSIONER   OF   FISH   AND    FISHERIES. 

Dorsal  iiu  rather  Ueeply  notclieil;  spiues  low  iind  slender;  sofl 
dorsal  low,  highest  toward  the  front;  aual  long  and  rather  low, 
with  straight  free  border;  anal  spines  graduated,  the  third 
scarcely  half  height  of  first  ray;  pectoral  falcate,  rather  long; 
caudal  deeply  forked.  Color  dark  gray,  not  silvery;  ceuier  of 
each  scale  dark,  those  spots  forming  conrinnons  streaks  alon/;  the 
rows  of  scales;  those  below  the  lateral  line  rather  less  distinct; 
fins  rather  dark ;  opercular  membrane  and  axil  dusky.  Head,  3}; 
depth,  3;  D.xii,  14;  A.  iii,  11;  scales,  8-6&-15;  maxillary,  3;  eye, 
4f;  prcorbital,  31;  pectoral,  liV;  snont,  2j^;  spinous  dorsal,  2|; 
second  anal  spine,  6| ;  anal  rays,  3^ ;  base  soft  dorsal  in  spinous,  IV 

Lktitopristis,  ^• 

ih.  Preopercle  weakly  serrate;  preorbital  very  narrow,  6^  in  head;  mouth  nm^^ 

maxillary  longer  than  snout.    Body  rather  fusiform,  somewl^*^^ 
compressed,  the  back  elevated,  ant-erior  profile  steep,  conv^^*^^ 
mouth  with  narrow  bands  of  brush-like  teeth,  the  outer  ab^^^ 
slender,  close-set,  and  a  little  enlarged;  maxillary  reaching  to 
terior  edge  of  eye;  gill-rakers  short  and  slender,  x-j- 16;  8n< 
short,  blunt;  eye  large;  lower  Jaw  included.     Scales  small, 
tending  from  preorbital  to  fork  of  caudal,  covering  base  of  pectoi 
vontrals,  soft  dorsal,  and  anal ;  base  of  each  scale  at  base  of  trui 
and  posterior  part  of  head,  with  minute  scales ;  dorsal  and  anal  fi 
inclosed  in  low  scaly  sheath.    DorBal*fin  slightly  notched,  last  spi 
1^  in  first  ray;  spinous  dorsal  low,  spines  slender;  soft  dorsal  u 
anal  low,  third  anal  spine  longest ;  pectoral  sharp,  falcate ;  cau 
long,  deeply  forked.    Color  light-bluish  gray,  with  brownish  gra^ 
stripes  following  the  rows  of  scales.    Head,  3};  depth,  3;  dorsad 
XIII,  16;  A.  Ill,  13  or  12;  scales,  10-05-20;  maxillary,  3i;  eye,  4^ 
preorbital,  6i;  pectoral,  1;  snont,  3|;  spinous  dorsal,  2^;  second 
anal  spine,  5i;  anal  rays,  3i;  base  soft  dorsal  in  spinous,  1^. 

Brevipinnib,  83.  ^ 

«.  Dorsal  spines,  XIV ;  scales  very  small ;  sknll  very  broad  and  rounded,  Interorbital 

area  wider  than  length  of  snout ;  preorbital  very  narrow ;  the  tem- 
poral crest,  which  rises  above  the  pupil,  rather  high,  its  top  above 
middle  of  height  of  snpraocoipital  crest,  which  originatea  over  front 
of  pupil.     {Microlepidotus  Gill.) 
i.  Body  rather  elongate,  slightly  compressed,  back  moderately  ele- 
vated, profile  convex  from  nape  to  snout;   month  large,  with 
numerous  bristly  teeth,  curved  inward,  larger  in  front;  maxillary 
reaching  to  anterior  edge  of  eye ;  preopercle  sharply  serrate ;  gill- 
rakers  short,  X  -f- 17 ;  snout  bluntish,  equal  to  maxillary ;  eye  very 
large;  jaws  subequal.    Scales  very  small,  extending  from  nostril 
to  fork  of  caudU,  covering  base  of  pectoral,  ventrals,  last  two 
rays  of  soft  dorsal,  and  preorbital  to  level  of  pupil;  dorsal  and 
anal  fins  included  in  a  deep,  scaly  sheath;  dorsal  fin    deeply 
notched,  last  spine  1^  in  first  ray ;  spinous  dorsal  high ;  spines 
slender;  soft  dorsal  very  low;  anal  slightly  higher  than  soft  dor- 
sal, second  spine  longest ;  pectoral  sharp,  falcate ;  caudal  sharp.  « 
Color,  bluish*  gray,  with  lighter  longitudinal  streaks.     Head,  3^;^ 
depth,  3i;  D.  xiv,  15;  A.  iii,  12;  scales,  9-72-20;  maxillary,  3if  z 
eye,  4f ;  preorbital,  7i  ;'pectoral,  1^ ;  snont,  3^ ;  spinous  dorsal,  2i 
second  anal  spine,  6;  anal  rays,  3f ;  base  soft  dorsal  in  spinous^  H 
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76.  ORTHOFRI8TIS  BEITNETTL 

JftUHpama  bennetti  Lowo,  Trans.  Zoul.  Soc,  ii,  176  (Madeira  Islands). 
J^risHpama  ronchus  Valeuciennes^  Barker  &  Webb,  Hist.  Nat.  lies  Canaries  (Canary 
Islands). 

Habitat:  South  coast  of  Spain  and  islands  of  the  eastern  Atlantic. 

Etymology :  For  Mr.  E.  T.  Bennett. 

This  species  is  common  about  the  islands  of  the  eastern  Atlantic,  and 
Steindachner  mentions  having  taken  four  on  the  south  coast  of  Spain. 
It  has  larger  scales  than  the  other  species  of  Orthopristis,  The  speci- 
Tneiis  examined  by  us  were  sent  from  the  museum  at  Vienna  to  the 
Museum  of  Comparative  Zoology. 

77.  ORTHOPRISTIS  RUBER 

J^ttipofM  rubrum  Cuv.  &  Val,,  V,  1830,  283  (Brazil). 
J'rUtijpoma  lineaium  Cuv.  &  Val.,  v,  1830,  287  (Brazil). 

Habitat:  Coast  of  Brazil. 
Etymology:  Ruber,  red,  which  the  fish  is  not. 
The  species  is  probably  not  rare  on  the  coast  of  Brazil.    Our  speci- 
xneus  (4538,  M.  C.  Z.)  were  obtained  at  Eio  Janeiro  by  Prof.  Agassiz. 

78.  ORTHOPRISTIS  CHALCBUS. 

'risiipoma  chalceum  Gtinthcr,  Proc.  Zoul.  Soc.  Load.  1864,  146  (Panama.) 
riatipoma  kneri  Steindaclmer,  Ich.  Notizon,  Viii,  1869,  3  (Mazatlan). 
^^thoprUtie  ehalctus,  Evermauu  &  Jenkins,  Proc.  U.  S.  N.  M.  1891,  149  (Guaymas). 

Habitat:  Pacific  coast  of  tropical  America. 

Etymology :  Chalcetis,  brazen. 

This  species  is  common  on  the  Pacific  coast  of  Mexico  and  Central 
-America;  everywhere  the  most  abundant  of  the  genus.  Our  specimens 
^M-e  from  Mazatlan,  Panama,  and  the  Gult' of  California.  Others  were 
t:^ken  by  the  Albatross  at  Panama,  and  about  Chatham,  Charles  and 
-^Jbemarle  islands,  in  the  Galapagos. 

79:  ORTHOPRISTIS  CHR7SOPTERX7S.    (PigfiBh.) 

^^rca  chrysoptera  LinnaBns,  Syst.  Nat,  ed.  xii,  485,  1766  (Charleston). 
-f^hrus  fulvomaculaius  Mitchill,  Trans.  Lit.  and  Phil.  Soc.  N.  Y.,  406, 1814  (New  York). 
^^'rUiipama  fulvofMioulatum  of  many  anthors. 
^TUHpima  fasciatum  Cuv.  &  Val.,  v,  285, 1830  (Now  York). 

^^w^kopristis  duplex  Girard,  U.  S.  Mex.  Bound.  Snrvey,  1859, 15  (Indlanola  and  Brazos 
Santiago,  Texas). 

Habitat:  South  Atlantic  and  Gulf  coasts  of  the  United  States. 
Etymology:  )^pu(f6q,  gold;  itrtpov,  fin. 

This  common  food-fish  is  abundant  along  the  sandy  shores  of  the  east- 
ern United  States,  from  Long  Island  to  the  mouth  of  the  Eio  Grande. 
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80.  ORTHOPRI8TIS  POE7I. 

Orth^pristis  poeifi  (Scudder  MSS.)  Poey,  Synopsis,  1868,  312  (Hayana). 

Habitat:  West  Indies. 

Etymology:  Named  for  Prof.  Felipe  Poey. 

Oftlii8  species  we  have  examined  several  specimens,  all  from  Ha 
i^ana.  The  species  is  very  close  to  Orthopristu  chrysopterusy  but  th 
body  is  more  slender  and  the  scales  are  rather  longer. 

81.  ORTHOPRISTI8  CAKTHARINUS. 

PrUHpoma  cantharinnm  Jonyns,  Voyage  Beagle,  Fish.,  49,  1842  (Galapagoe  Islands).  -  ^-     '' 
Hamiul^m  modestum  Tschadi,  Fauna  Peruana,  11,  1844  (Pern). 

Habitat:  Pacific  coast  of  tropical  America.  _ 

Etymology:  From  Cantharus  {=zSpondylio8oma)y  o,  genns  of  spd^oid    t^^^ 
ftshes,  which  this  remotely  resembles. 

This  species  is  known  to  us  from  two  examples^  each  about  a  foot 
long  (4648,  M.  C,  Z.),  from  the  Q-alapagos  Islands.  Another,  supposed 
bo  be  of  the  same  species,  is  in  the  U.  S.  National  Museum  from  Ouayma«. 
rhe  scanty  description  of  Hwmulon  modestum  Tschudi,  a  species  said  to  ^^^^  ^ 
be  rare  along  the  coast  of  Peru,  agrees  in  all  respects  so  far  as  it  goes 
sind  is  probably  the  same  species.  It  could  not  be  Orthopri^tis  chalceWj 
Orthopristis  brevipinnis,  or  Isa^sia  conceptioniSj  as  these  sx>ecies  have  the  ^mM^ 
second  anal  spine  quite  small. 


82.  ORTHOPRISTI8  LBTHOPRISTIS. 

OrthopHaiis  lethopristia  Jordan  &  Feeler,  Proc.  Ac.  Nat.  Sci.  Phila.  1889,  36  (Gala- 
pagos Islands). 


^.sHa- 


Habitat:  Galapagos  Archipelago. 

Etymology:  kijOo/iaty  to  forget;  -/^tVnc,  used  for  7r^e<fTTj<r,  a  saw;  a  ref-     -■ 
3reuce  to  the  entire  preopercle. 

This  species  is  known  from  the  original  type  (26947,  M.  C.  Z.),  15    ^  *35 
inches  long,  from  the  Galapagos  Islands. 

83.  ORTHOPRISTIS  BREVIPINNIS. 

Prist'qmma  hrevipinne  Steindachner,  Ichih.  Nofcizen,  viii,  1869,  10  (Mazatlan). 

Habitat:  Pacific  coast  of  tropical  America. 

Etymology:  Br e vis,  short;  pinna j  fin. 

This  species  and  the  preceding  fonn  a  transition  from  Microlepidotn^m^m  w 
to  typical  Orthopristis,    From  their  resemblance  to  IsaHa  eonceptionim.  '^m, 
wre  have  suggested  for  them  the  subgeneric  name  of  Isadella. 
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84.  ORTHOPRISTIS  INORNATUS. 

Jlierole^doius  inomaius  Gill,  Proc.  Ac.  Nat.  Sci.  Phila.  18()2,  256  (Capo  Han  Lncas). 
Orihopriatis  inornatua,  Evermanu  &  Jenkins,  Proc.  U.  S.  N.  M.  1891,  148  (Guayiiias). 

Habitat :  ^ulf  of  California. 

Etymology :  Inomatusj  not  adorned. 

This  interesting  species  is  known  only  from  the  Gulf  of  California. 
The  specimens  examined  by  us  are  from  Cjipe  San  Lucas  and  Guaymas. 
The  sabgenus  Mierolepidotm,  which  it  represents,  is  a  well-marked 
^roup,  perhaps  worthy  of  recognition  as  a  distinct  genus. 

XVn.  ISACIA. 

Jaacia  Jordan  &.  Feeler,  gen.  nov.  (conceptionU). 

Type:  Pristipoma  conceptione  Cuv.  &  Val. 

Etymology :  From  Isaki,  a  Japanese  name  of  Parapristipoma  triUn- 
eaium  {^Pristipoma  japonicum  Cuv.  &  Val.). 

We  separate  from  the  genus  Parapristipama  an  American  species 
{conceptione)^  which  differs  from  the  type  of  Pristipoma  nmch  as  Ortho- 
j^istis  doeB  from  Pomadasis.  The  anal  fin  is  very  long  in  this  species, 
and  it  lacks  the  peculiar  sheath  of  scales  found  in  Parapristipoma. 
The  gill-rakers  are  well  developed  in  both  groups,  but  the  outline  of 
the  dorsal  is  in  Isaeia  more  as  in  Pomadusis.  Although  this  species 
has  l)een  referred  to  Pristipoma,  it  lacks  the  sympbyseal  groove. 

ANALYSIS   OF   SPECIES  OF   ISACIA. 

a.  Dorsal  fin  deeply  notched;  anal  lin  long;  caudal  fin  forked. 

b.  Dorsal  spines  13  or  14,  the  soft  dorsal  about  half  as  long  as  spinous  portion; 
lower  jaw 'projecting.  Body  oblong-elliptical,  moderately  compressed;  an- 
terior profile  nearly  straight,  a  little  depressed  above  eye ;  snout  short  and 
sharp;  month  small,  oblique;  teeth  small,  arranged  in  bands,  the  outer  above 
a  little  enlarged ;  preorbital  narrow ;  preopcrcle  finely  serrate ;  gill-rakers  long 
and  slender,  X'\-22 ;  scales  above  the  lateral  line  arranged  in  very  oblique  series ; 
those  below  horizontal ;  soft  fins,  naked ;  dorsal  spines  slender  and  ra:her  high ; 
soft  dorsal  rather  low;  anal  spines  small,  graduated,  second  spiue  about  half 
as  long  as  first  ray ;  pectoral  about  as  long  as  head ;  caudal  moderately  forked. 
Color  bluish-silvery  below,  a  dark  streak  along  each  row  of  scales  btdow  the 
lateral  line,  these  being  horizontal  and  parallel;  some  scales  above  lateral  line 
having  pale  centers,  these  making  scattered  paler  spots;  axil  dusky.  Hea<l, 
^]  depth,  2|;  D.  xiii-xiv,  12  to  14;  A.  iiif-13;  scales,  10-05-16 ;  eye,  4 J;  snout, 
4^;  maxillary,  3<^;  pectoral,  1^^]  third  dorsal  spiue,  2;  secoud  anal  spine,  6; 
soft  dorsal,  IJ  in  spinous Conckptionis,  85. 

85.  ISACIA  CONCEPTIONS 

PrUHpama  conceptione  Cuv.  &  Val.,  v,  268, 1830  (Chile). 

Habitat:  Coast  of  Chile  and  Peru. 

Etymology:  From  Concepcion  in  Chile. 

This  species  is  an  ally  of  Orthopristis  brcvipinnis.  As,  however,  it 
lacks  the  central  groove  at  the  symphysis,  it  can  not  be  referred  to  the 
same  genus.  The  specimens  seen  by  us  are  from  IVIexillones  in  Peru 
and  from  Caldera  and  Paraca  in  Chile.  One  si>eeiuien  has  14  dorsal 
spines,  the  others  13, 


502       RKPORT   OP   COMMISSIONER   OP   FiSH    AND   FISHERIES. 

XVni  PARAPRISTIPOMA. 

Parapristipoma  Bleeker,  Archivea  N^erlandaises,  viii;  1872  (irilineatum). 

Type:  Ferca  trilineata  Tliunberg,  from  Japan. 

Etymology:  7:apd^  near;  Pristipoma;  the  genus  being  intermediate^-:*^-^te 
between  PomadasU  and  Plectorhynchus. 

We  follow  Sleeker  in  referring  to  this  genus  the  species  viridens^'^^-^^^ 
(ociolineatum)y  which  Is  certainly  very  closely  allied  to  Parapristiponum^^^^^^ 
trilifieatum.  Along  with  this  we  place  the  second  European  species,  ^^*^> 
mediterraneunij  which,  although  having  something  in  common  with  the^^^J*® 
type  of  PlectorhynchuSy  is  nearer  Parapristipoma  than  to  Plectorhynchur^f^^^^^ 
cheetodonaides.  The  genus  called  Plectorhynchus  ( = I>iagramma  Cuvier)C  *^  '^) 
contains  some  40  species,  all  confined  to  the  eastern  Pacific  and  the^^-*^^ 
Indian  Ocean.  The  species  of  Parapristipoma  have  comparatively  long^^  ^^8 
and  slender  gill-rakers,  a  character  overlooked  by  Bleeker.  The  exten —  -^:«i- 
sion  of  the  scales  at  the  bases  of  dorsal  and  anal  is  also  characteristic,  ^^^-^n 
as  is  also  the  scaliness  of  the  lower  jaw  and  suborbital  bones.  As  this-^i-iis 
genus  has  received  little  attention,  we  give  the  following : 

ANALYSIS  OF  KUROPRAN  SPECIKS  OF  PARAPRISTIPOMA. 

a.  Dorsal  fin  low  and  nearly  continuous;  anal  short  and  high;  dorsal  and  anal  both  .cC  ^«th 
with  a  scaly  sheath  at  base;  caudal  fin  lunate;  gill-rakers  long  and  slender;  ^  -ar^r* 
scales  small. 

b.  Soft  dorsal  nearly  as  long  as  spinous  part;  dorsal  spines  twelve;  lower  jaw~»9-^^^ 
included.    Body  elliptical,  stout,  dorsal  and  ventral  outlines  nearly  straigkt^.^^^^^. 
anterior  profile  steep  and  straight ish,  much  convex  at  nape;  snout  longaii^^^^^^  . 
sharp;  teeth  arranged  in  broad  baudSi  the  outer  above  scarcely  enlarged;  cy*  -^^ 
large ;  preopercle  shai*ply  serrate ;  gill-rakers  long  and  slender,  x-|-21 ;  scalc^^   m! 
small,  about  64  pores  in  the  later^il  lino;  soft  dorsal  and  anal  scaled  at  bas^^^^^^^ 
dorsal  fin  low,  fifth  and  sixth  spines  longest,  the  others  subequal;  anal  deej)(!".^^y  ' 
sheathed,  eoft  part  high  and  pointed,  the  second  spine  long  and  'slender,  u       _^. 
qui  to  equal  to  third ;  pectoral  pointed ;  caudal  shallow-forked.    Color,  grayi — _^  ^^ 
brown,  with  two  or  three  faint  longitudinal  lines  along  the  sides;  edge        Qf 
fins  dusky.    Head,  3^ ;  depth,  2^ ;  D.  xii,  17;  A.  iii,  8  to  10;  eye,  3^;  snont^      s- 
maxillary,  3i;  pectoral^  1^;  fifth  dorsal  spine,  2|;  second  anal  spine,  2|;  ^^)/l  f  »    ^ 

dorsal,  1  f^  in  spinous.     Scales,  65-70 Mediterraneum,  ^6.  t   Ir^ 

hh.  (Soft  dorsal  about  two-thirds  length  of  spinous  part;  dorsal  spines  13;  i*<--c-  I  ^* 

toralfin  short,  1^  in  head;  lower  jaw  projecting.    Body  rather  stout,  thobr*«k  I  h 

moderately  elevated,  the  depth  about  equal  to  length  of  head,  3  in  bo<^3';  f  ^^i 

mouth  moderate,  the  maxillary  reaching  past  front  of  eye ;  eye,  3}  in  head,  '^^^ 
eye  much  wider  than  the  narrow  preorbital  and  lower  than  snout ;  dor8i»l>  ^^"^ 
continuous,  the  spines  rather  low  and  slender;  second  anal  spine  rather  l^^S 
and  strong;  about  equal  to  third  and  rather  shorter  than  the  soft  rays;   p^^ 
opercle  sharply  serrate;  soft  dorsal  and  anal  scaly;  D.  xiii,  14;  A.  il^»     ' 
scales  small,  12-57-23.     Coloration  olivaceous,  with  four   narrow  sky^   ^^ 
longitudinal  streaks  on  each  side  of  back,  the  lowest  and  broadest  at  lev^'- 
eye]  traces  of  a  fifth  streak  on  cheek;  fins  blotched  with  dark.    Someti*** 
nearly  i>lain  olivaceous,  with  the  fins  dark-edged.)     {Steindachner.)  ^ 

VlRIDENSJK' 
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86.  PARAPRI8TIPOMA   MEDITBRRANEnM. 

tXagramma  fMdiierraneum  Gaichenot,  Expl.  Algerie,  45,  pi.  3,  1850  (Algiers). 

Habl^t:  Western  Mediterranean. 
Etymology :  -Prom  Mediterranean  Sea. 

This  species  is  not  nncommon  in  the  eastern  Mediterranean.  The 
specimen  examined  by  us  (22429,  M.  G.  Z.)  is  from  Cadiz  in  Spain. 

87.  PARAPRI8TIFOMA  VIRIDXIN8E.     (Burro;   Corvinato.) 

Priitipima  viridenae  Cuv.  &  Val.,  v,  287, 1830  (Capo  Verde  Islands). 
Priaiipoma  ociolineaium  Cuv.  &  Val.,  ix,  487,  1833  (Cape  Verde  Islands). 

Habitat:  Northwest  coast  of  Africa;  south  coast  of  Spain  and  the 
Qcighboring  islands. 

Etjrmology:  From  Gape  Verde — viridisj  green. 

This  species  is  known  to  us  from  descriptions.  According  to  Stein- 
iachuer  it  is  rare  on  the  coast  of  Spain  (Cadiz  and  San  Lucar  de  Bar- 
rameda)  and  common  on  the  Canary  Islands,  especially  about  Teneriffe. 
9teindachner  suggests  that  the  name  viridense^  given  to  plainly  colored 
specimens,  and  that  of  octolineatum^  given  to  those  with  blue  stripes, 
belong  to  the  same  species,  as  occasional  individuals  are  found  in  which 
the  blue  stripes  are  wanting.  GUnther  counts  80  scales  in  viridensej 
find  Steindachner  but  55  to  57  in  octolineatum.  In  the  latter  case  only 
the  scales  having  pores  in  the  lateral  line  are  counted,  in  the  former 
the  number  of  cross  rows.  Dr.  Giinther  records  the  species  from  St. 
Vincent;  probably  St.  Vincent  of  the  Gai)e  Verde  Islands  is  meant,* 
Qot  the  St.  Vincent  of  the  Lesser  Antilles.  According  to  Steindachner, 
this  species  lacks  the  median  groove  at  the  chin,  and,  as  already 
noticed  by  Bleeker,  it  is  closely  related  to  the  Japanese  species, 
trilineatum^  which  is  the  type  of  the  genus  Parapristipama. 

*  In  confirmation  of  this  opinion,  I  have  the  following  note  fVom  my  friend,  Dr. 
G.  A.  Boulenger,  of  the  British  Museum : 

*"  You  are  perfectly  right,  and  I  had  independently  arriv^ed  at  the  same  opinion  as 
yourself  with  regard  to  '  St.  Vincent:  McOilliyray.'  You  wiU  find  specimens  of  the 
West  African  Tarentola  delalandi  from  St.  Vincent,  Cape  Verde,  Macgillivray,  men- 
tioned in  my  Catalogue  of  Lizards,  vol.  I,  p.  199." 
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XIX.  GEHTATEEMUS. 

Oenyatremua  Gill,  Proc.  Ao.  Nat.  Soi.  Phila.  1862, 256  {cavifronM). 

Type.:  Diagramma  cavifrons  Guv.  &  YQl.=Lu^anu8  luteus  Bloch. 

Etymology:  yhuq^  chin;  a,  privative;  rp^tia^  aperture. 

This  genus  contains  a  single  American  species,  an  Anisotremus  with- 
out central  XK)re  at  the  chin.  From  FlectorhynchuSj  it  differs  much  as 
Anisotremus  differs  from  Orthopristis  and  Pomadasis. 

ANALYSIS  OF  8PKCIRS  OF  GENYATREMU8. 

a.  Body  ovate,  compressed,  the  back  much  elevated,  the  depth  a  little  less  than  half 
body ;  anterior  profile  evenly  convex  at  nape,  gradually  becoming  concave  to 
front  of  eye,  where  it  rapidly  descends  straightish  to  point  of  snout ;  iuterorbita^^ 
area  flat,  about  equal  to  eye;  occipital  crest  arising  opposite  middle  of  pnpl 
its  base  rising  on  the  highly  arched  frontals  considerably  above  top  of  the  lo^ 
temporal  crest.    Head  small ;  snout  blunt  and  short ;  mouth  moderate,  the  m*^^—  ^^v 
illary  reaching  past  anterior  edge   of  orbit;   anterior  nostril  oblong,  mnc^r^^c^ 
larger  than  posterior ;  preorliital  very  narrow,  about  one-fourth  as  wide  as  ey^  ^'^C^t 
eye  large,  3  in  head ;  preopercle  strongly  serrate  on  angle,  the  serrss  gradoallT  JEl.^1 
becoming  weaker  on  both  limbs ;  gill-rakers  weak,  about  7  below  angle,  beside 
rudiments.    Dorsal  fin  high,  the  fifth  spine  longest,  the  last  spine  slightly  long*? 
than  the  preceding  one  and  about  two-thirds  as  long  as  the  first  ray ;  anal 
lower  than  soft  dorsal,  the  second  spine  longer  and  stronger  than  third;  pect» 
rals  short ;  caudal  subtruncate.    Scales  small,  not  parallel  with  the  lateral  lin^ 
arranged  obliquely  above  and  horizontaUy  below,  largest  below  the  late 
lino;  vertical  fins  scaleless;  scapular  scale  very  evident,  about  three  times  i 
long  as  broad ;  lateral  line  not  following  outline  of  back,  wavy  below  the  so 
dorsal.    Color  in  spirits  uniform  golden,  with  numerous  longitudinal  Btrii>e8  m 
a  brighter  color  foUowing  the  rows  of  scales  below  the  lateral  line.    Head,  Sf 
depth,  2i;  D.  xiii,  12;  A.  iii,  11;  scales,  11-52-19 Luteus, 


88.   GZSmrATRXSltfnS  LUTEUS. 

Lutianua  luteus  Bloch,  Ichthyologia,  taf.  247, 1791  (Martinique,  on  a  drawing 

Plumier). 
Orammiaies  hepatus  Bloch  &  Schneider,  Syst.  Ichth.,  1801,  187  (after  Bloch). 
Diagramma  cavifrons  Cuv.  &  Yal.,  v,  1830,  290,  pi.  123  (Rio  Janeiro). 
IPrUtipoma  serrula  Cuv.  &  Val.,  v,  272  (Martinique). 
^PrUtipoma  auratum  Cuv.  &.  Yal.,  1.  c,  272  (Martinique). 

Habitat :  Lesser  Antilles  to  Brazil. 

Etymology:  Luteuij  yellow. 

This  species  seems  to  be  not  rare  on  the  coast  of  Brazil  and  tz^IZfa 
Lesser  Antilles,  probably  on  sandy  coasts.    It  has  not  been  fouud      in 
Cuba.    There  is  not  much  doubt  that  the  Lutianua  luteus  of  Bloch  "^as 
intended  for  this  species,  although  in  the  drawing  of  Plumier,  from 
which  it  was  taken,  the  fin  rays  are  very  inexactly  indicated. 


by 
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Subfamily  V.—DENTICINiE. 
XX.  DENTEX. 

Dentex  Cavier,  R^g^ne  Animal,  ed.  i,  1817,  273  (dentex). 
PolysteganuB  Klanziiiger,  Fisclio  des  Rotliea  Meeres,  1870,  763  (nufar). 
Synagria  Bleeker,  Systema  Percaruui  ReviBum,  1875,  278  {dentex;   after  StfnagjHa 
Klein,  not  SynagrU  Giiuther.) 

Tyj)6 :  Spams  dentex  LinniBus. 
Etymology:  Dens^  tooth;  dentex^  with  large  teeth. 
This  genus  contains  niiinerous  species  found  on  the  coast  of  the  Old 
World,  none  of  them  in  America.    The  species  found  in  Euro];)e  are: 

*     89.  DENTEX  MACROFHTHALMtTS  (Bloch).    (Gk>ggleeye;   Cachucho.) 
Mediterranean  Sea  and  neighboring  waters. 

90.  DENTEX  DENTEX  (LiunsBus).    (Dentao;  Denton.)     Shores  of  Bouthern 

Europe  and  northern  Africa;  common. 

91.  DENTEX  MAROCCAN178  (Cnv.  &  Val.).    Southern  Spain  and  Morocco. 

92.  DENTEX  FILOSUS   (Valenciennes).    Algiers  and  southward;  not  yet 

recorded  from  the  European  side  of  the  Mediterranean. 

XXL  HEUaPTEBUS. 

^TemipteniB  Swainson, Nat.  Hist.  Fishes,  etc.,  ii,  1839,  223  {filamenioeus). 

Lb  Giinther,  Cat.  Fish.  Brit.  Mus.,  1, 1859, 373  {furvsun ;  woiSynagriB  Bleeker). 
Bleeker,  Systema  Percarum  Re  visum,  1875,  278  (filamentoeus). 

Type:  Dentex  furcosus  Cuv.  &  Yal. 

Etymology:  v^/ia,  thread;  Trre/oov,  fin. 

This  genus  contains  some  twenty  species,  very  closely  allied  to  the 
species  of  Dentex,  from  which  genus  it  is  not  quite  certain  how  they 
should  be  separated.  All  are  Asiatic,  except  one,  which  is  very  imper- 
fectly known  and  may  be  a  true  Dentex.  The  name  Nemipterus  has 
priority  over  Synagria  for  this  group. 

ANALYSIS  OF  AMERICAN   8PKCIES  OF  NRMIPTKRirS. 

4L  First  dorsal  spine,  upper  lobe  of  caudal,  and  first  ray  of  ventral  produced  in  long 
filaments;  depth,  3$^  in  total  length,  with  caudal;  heiul,  4;  D.  x,  9;  A.  in,  7; 
color  red.    {Cuv,  4'  Val.) Macronemus,  93. 

93.  NEBUPTERUS  MACRONEltfUS. 

Jkniex  filamenionu  Cuv.  &  Val.,  vi,  254,  pi.  155,  1830  (Surinam;  not  Cantharua  fila- 

mentoeue  Riippell,  also  a  Nemipterua), 
Sfnagrie  macr<memu9  GUnther,  i,  380  (after  Cuvler). 

Habitat:  Surinam. 

Etymology:  [iaxp6<:,\o\\g]  j/7>tf,  thread. 

This  species  is  known  only  from  the  description  of  the  original  type, 
^  young  specimen  said  to  have  been  sent  by  Diepering  from  Surinam, 
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it  which  not  unlikely  came  from  the  East  Indies.    Nemipterus 

nenius  agrees  very  closely  with  NemiptertLS  nematopharus  GiintlK— 

OJD.  Sumatra.    According  to  Bleeker  the  chief  differences  are  th< 

lat  in  macranemtis  but  one  dorsal  spine  is  filamentous,  in  ncifwtop^or— — — ^^ 

TO]  in  maeronenius  the  fins  are  more  pointed.    All  these  are  doubt: 

taracters  and  it  is  probable  that  Nemipterus  macronemus  came 

imatra  rather  than  from  Surinam. 


n 


Subfamily  VI.— SPARINiE. 
XXU   STEHOTOMUS. 


Mnotomiui  Gill,  Canadian  Natnralist,  Angust,  1865  {argyropa). 
Type:  Sparus  argyrops  LinnaBus  =  Spams  chrysops  Linnaeus. 
Etymology:  <rr£vo?y  narrow;  ro/io^y  cutting;  from  the  narrow  inciso 
This  genus  contains,  so  far  as  known,  three  species,  all  AmericairK:' 
le  lives  in  rather  deep  water  and  differs  considerably  from  the  othen 
[le  genus  is  close  to  CalamvSj  from  which  the  flattened  incisors  mainl. 
stinguish  it. 

ANALYSIS  OF  SPECIKS   OF  8TENOTOMU8. 

First  dorsal  spine  as  long  as  eye,  tbo  second  aboat  as  long  as  third,  which  is  abon 
2  in  head ;  temporal  orest  obsolete ;  frontal  bones  not  gibbons  or  i)oron8 ;  an 
trorse  spine  attached  to  the  fourth  intemeural  by  a  downward  projectinj 
spur  about  twice  as  long  as  the  spine. 

b.  Body  elongate-ov^te,  the  depth  gradually  decreasing  from  first  dorsal  spine 
caudal  peduncle ;  anterior  profile  not  steep,  nape  slightly  convex,  a  slight  de — - 
pression  above  and  behind  eye,  convex  over  snout ;  x>cctoral  about  as  long 
head,  3^  in  body;  scaly  sheath  at  base  of  soft  dorsal  and  anal  inconspicuous;^ 
snout  long  and  pointed,  2  in  head;  eye  large,  less  than  width  of  preorbital,  « 
about  3f  in  head;  interorbital  area  very  convex;  six  strong  conical  teeth  in 
front  of  upper  jaw  and  eight  in  lower;  molar  teeth  coarser  and  larger  than 
in  S,  chrysops;  scales  on  cheek  reaching  to  to2>  of  eye,  the  upper  rows  less 
distinct  than  the  lower,  the  anterior  row  of  about  20  scales;  caudal  fin  mod- 
erately forked,  the  middle  r.iy  about  2^  in  longest  ray.    Color  nearly  plain  dull- 
silvery,  with  golden  longitudinal  streaks  foUowing  the  rows  of  scales;  axil 
dusky;  ventrals  dark.    Head,  3;  depth,  2^;  D.  xii,  12;  A.  xiii,  11;  scales, 
8-54-15 AciiLEATUS,  d4. 

b(.  Body  ovate-elliptical,  tbe  depth  about  the  same  from  the  first  dorsal  spine  to 
the  eleventh ;  anterior  profile  steep,  nape  convex,  a  strong  depression  above 
and  in  front  of  eye,  straightish  over  snout;  pectoral  less  than  head,  about  3^  in 
body;  a  scaly  sheath  very  conspicuous  at  base  of  soft  dorsal  and  anal  fins; 
temporal  crest  obsolete;    snpraocoipital   crest  continuous  with  the  frontal 
bones;  snout  short,  2|  in  head;  eye  smaU,  narrower  than  the  preorbital,  about 
4^  in  head ;  incisor  teeth  very  narrow,  almost  conical ;  molars  in  two  rows 
above;  scales  on  cheek  extending  above  the  upper  margin  of  eye,  the  anterior 
row  composed  of  about  20  scales ;  caudal  fin  forked,  the  middle  ray  about  4  in 
longest  ray.   Color  brownish,  somewhat  silvery  below,  everywhere  with  bright 
reflections,  but  without  distinct  markings  in  the  adult;  soft  parts  of  vertical 
fins  mottled  with  dark  in  adult;  young  faintly  barred;  axil  dusky.    Head,  3^f ; 
depth,  2iV;  D.  xii,  12;  A.  iii,  11;  scales,  8-50-16 Chryjsops,  95. 
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r"mit  and  second  dorsal  spines  very  shorti  thoir  length  about  3  in  eye;  third, 
fourth,  and  fifth  more  or  less  filamentous,  the  third  longer  than  heud.  Tem- 
I>oral  crest  rudimentary,  persisting  in  a  swelling  on  the  basal  portion  of  the 
snpraoccipit-al ;  antrorse  spine  attached  directly  to  the  intemeural ;  no  down- 
ward projecting  part  evident.  Body  subovate,  the  back  anteriorly  much  ele- 
vated, the  depth  about  half  the  length  to  base  of  caudal ;  anterior  profile  steep 
and  straightish,  convex  on  nape  and  above  eye ;  supraoccipital  crest  making  a 
sharp  angle  over  eye  with  a  porous  gibbous  portion  of  the  frontal  bones ;  snout 
short,  about  2  in  head ;  eye  large,  a  little  less  than  width  of  preorbital,  about 
3|  in  head;  anterior  teeth  of  jaws  small,  in  a  close-set  band,  the  outer  series  a 
little  enlarged,  compressed  and  lanceolate,  much  as  in  S.  chryBops;  molars  in 
two  rows ;  dorsal  spines  very  broad  and  fiat ;  scales  on  the  anterior  part  of  body 
much  enlarged;  anterior  row  of. scales  on  check  much  enlarged,  extending  to 
level  of  pux)il,  about  12  scales  in  the  first  series;  scaly  sheath  at  base  of  soft 
dorsal  and  anal  very  conspicuous;  pectoral  a  little  longer  than  head,  2}  in 
body;  caudal  fin  little  forked,  the  middle  ray  about  If  in  longest  ray.  Color 
light  olive;  silvery  below ;  the  young  with  faint,  very  narrow  darker  bars. 
Head,  SJ;  depth,  2;  D.  xn,  12;  A.  m,  12.    Scales  5-50-15 Caprinus,  96. 

94.  STZSNOTOMU8  ACTTLEATUS.    (Sonthem  Ftesy.) 
^<iphr}f9  aculeata  Cuv.  &  Val ,  vi,  137,  1830  (Charleston). 

stbitat:  South  Atlantic  and  Gulf  coasts  of  the  United  States, 
fcymology:  Aculeatus^  spined. 

is  species  closely  resembles  the  northern  scup,  which  it  more  or  less 
^ces  southward.    Our  specimens  are  from  Cliai*leston. 

95.  STBNOTOMUS  CHR780P8.     (Scnp;  Porgy;  Scuppaug.) 

^yT,  "'^^'^^  ckryaops  Linnaeus,  Syst.  Nat.,  ed.  xii,  1766,  471  (Charleston). 

jg,^^^^^8 argyropa  Linnaeus,  Syst.  Nat.,  ed.  xii,  1766,  471  (Charleston;  young). 
ttsxanihMrua  Lac^p^de,  Hist.  Nat.,  Poiss.,  iv,  120,  1803  (after  argyrops), 
us  verHcolor  Mitchill,  Trans.  Lit.  &.  Phil.  Soc,  i,  464,  1815. 
us  ambassis  Giinther,  i,  449,  1859. 

abitat:  Atlantic  coast  of  the  United   States  from  Cape  Cod  to 
'^tli  Carolina, 

^^tymology:  xP^^"^y  gold;  a*v'',  eye. 

^XThis  sx)ecies  is  one  of  the  commonest  food-fishes  of  our  Atlantic  coast, 
^"'^^jording  to  Dr.  Bean,  who  has  examined  Linnjims'  original  types,  both 
^^^ysaps  and  argyrops  were  based  on  examples  of  this  species. 

96.  STENOTOMUS  CAPRINUS. 
^^enoiamus  caprinus  Bean,  Proc.  U.  S.  N.  M.  1882  (Snapper  Banks,  Pensacola). 

Habitat:  Deep  waters  off  the  west  coast. of  Florida. 

Etymology:  Coprmu*,  like  a  goat,  the  species  having  been  sent  in 
XiDder  the  name  of  **  goat-head  ix)rgy,"  which  was  a  misunderstanding 
of  the  name  of  "jolt-head  porgy,''  which  is  Calamus  hajonado. 

This  species  is  as  yet  known  only  from  numerous  examples  taken 
from  the  stomachs  of  snappers  (Lutjanus)  and  groujiers  {Epinephelus) 
on  the  Florida  snapper  banks. 
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XXUL  CALAMUS. 

(Pez  de  Pluma.) 

Calamus  Swainson,  Nat.  HiHt.  Fishes,  ii,  1839,  222  {calamus) . 
GrammateuB  Poey,  Ann.  Lye.  Nat.  Hist.  N.  Y.,  1872,  182  (microps). 

Type:  PagelluH  calamM^  Cuv.  &  Val. 

Etymology:  CalaimtSy  a  quill  or  reetl,  from  tlie  quilMike  interhaemal. 

This  genus  contains  a  number  of  species,  all  American,  all  very 
closely  related,  and  valued  as  food-fisbes.  The  best-known  species 
are  described  in  detail  by  Jordan^  &  Gilbert,  Proc.  TT.  S.  N.  M,  1883,  p. 
14  et  seq, 

ANALYSIS   OK   SPKCIKS   OF   CALAMITR. 

a.  Scales  cuiupaFatively  smaH,  8,  9-54  to  58-18,  19;*  about  6  vertical  rows  of  scales 

on  base  of  preopercle,  with  about  12  scales  entering  into  the  for- 
mation of  the  lower  mai'giu;  species  of  largo  size,  w^ith  the  pre- 
orbital  deep,  the  pectoral  fin  lon^',  and  the  outer  teeth  strong. 

6.  Body  very  deep,  the  back  elevated,  the  depth  in  adult  half  tho  length  to  base  of 

caudal ;  outer  teeth  about  {^~||  in  number,  tho  outer  cue  ou  each 
side  in  one  or  both  Jaws  somt  times  enlarged,  canine-like,  some- 
times directed  forwards,  especially  in  tho  adult. 
0.  Preorbital  with  reticulations  of  the  bluish  ground  color  around  bronze  spots ; 

canines  of  upper  jaw  usually  vertical,  but  sometimes,  especially 
in  old  examples,  directed  more  or  less  horizontally  forwards; 
.  body  deeper  than  in  other  species,  depth  l^^a  to  2^;  anterior  pro- 
Hie  not  very  steep,  slightly  curved ;  depth  of  preorbital  less  than 
half  head ;  eye  large,  3|  to  3}  in  head ;  dorsal  spines  strong,  the 
longest  2\  to  2^  in  head;  x>cctorals  a  little  more  than  one- third 
body.  Color  silvery,  the  base  and  center  of  each  scale  golden,* 
the  edge  bluish,  these  cblors  forming  distinct  streaks;  a  deep- 
violet  streak  below  eye,  not  extending  on  eye  or  opercle ;  pre- 
orbital dull  violet,  this  color  forming  reticulations  around  brassy 
spots;  axil  golden,  with  a  violet  bar;  ventrals  more  or  less 
dusky.     Heail^  3i;  depth,  2;  scales,  8-56-18;  D.  xii,  12;  A.  ill, 

10 : .  Calamus,  97. 

cc.  Preorbital  region,  snout,  cheek,  and  ojiercles  brassy,  crossed  by  horizontal, 

wavy,  non-reticulating  lines  of  violet  blue,  brightest  on  preor- 
bital and  snout ;  a  sky-blue  blotch  behind  eye  over  the  opercle, 
extending  a  short  distance  on  body ;  outer  canines  of  upper  jaw 
directed  horizimtally  forward,  except  in  the  very  young,  these 
teeth  longer  than  in  C.  calamus;  anterior  jirofile  nearly  straight 
and  very  steep  to  tho  nape,  then  strongly  convex ;  depth  of  pre- 
orbital a  little  more  than  half  head ;  pectoral  3  in  body.  Color 
silvery,  each  scale  with  a  violet  spot  above  and  orange  spots 
below ;  sides  w^th  dark  crossbands  in  life,  which  disappear  at 
death;  ventrals  chiefly  yellow;  axil  slightly  dusky.  Ilead,  3i; 
depth,  2;  scales,  8-58-18;  D.  xii,  12;  A.  ill,  10..  .Proridkns,  98. 

55.  Body  more  elongate,  tho  depth  2J  to  2f  in  length. 

*  Scales  above  the  lateral  line  are  coiiuied  from  the  base  of  the  first  dorsal  spine, 
those  below  the  lateral  line  from  the  base  of  the  first  anal  spine. 
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d.    [Upper  jaw  with  a  Btrong  Jiiitrorse  canine  on  each  side,  a«  in  C.proridens; 

preorbital  with  hlue,  wavy  stripes;  eye  small;  preorbital deep ; 
cheeks  with  6  rows  of  scales ;  dorsal  high ;  pectoral  reaching 
front  of  anal;  cheeks  with  blue flexnoiis  lines,  anastomosed  and 
forming  rivulations;  spinous  dorsal  edged  with  black;  depth  of 
body,  2|  in  length  to  base  of  caudal.]     {Guichcnot.) 

Pennatui^,  99. 

<fd.  Upper  jaw  without  antrorse  canines,  the  anterior  teeth  strong,  ^  one  on 

each  side  of  upper  jaw  more  or  less  enlarged ;  body  rather  ob- 
long, the  snout  long  and  pointed,  the  cinterior  profile  forming  a 
nearly  even  curve  to  front  of  dorsal ;  depth,  2 J  to  2}  in  length 
to  base  of  caudal;  eye  about  3.}  to  5  in  head;  preorbital  less 
than  half  head,  about  ^;  dorsal  spines  slender,  the  highest  2^  to 
2|  in  head;  pectorals  2J  in  body.  Color,  dull  brassy,  with  little 
blue;  a  faint-blue  stripe  btdow  eye;  preorbital  dull  coppery, 
nsually  plain,  sometimes  faintly  veined  with  bluish;  axils  yel- 
lowish; ventrals  scarcely  dusky.  Young,  as  in  other  species, 
with  dark  crossbands.     Head,  Z\ ;  depth,  2J ;  scales,  8-56-19;  D. 

XII,  12;  A.  Ill,  10 Bajonai>o,  100. 

aa.  Scales  comparatively  large,  6,  7-45  to  52-13,  14;  about  5  vertical  rows  of  scales 

on  base  of  preopercle  with  about  9  scales  entering  into  the  for- 
mation of  the  lower  margin ;  no  antrorse  canines. 
e.  Pectoral  fins  long,  about  3  in  body. 
/.  Scales  of  moderate  size,  50  to  52  in  the  lateral  line;  body  very  deep, 
the  back  elevated,  depth  about  2|-  to  base  of  caudal ;  longest 
dorsal  spine  about  half  head. 
g.  Canines  short  and  strong,  about  ^;  preorbital  narrow,   its  least 
width  2^  to  21  in  head;  snout  short.  If  to  2  in  head;  mouth 
small,  maxillary  about  2|  in  head ;  eye  moderat-e,  about  4^  in 
head  in  adult;  pectoral  about  2^  in  body.    Body  much  com- 
pressed, the  back  considerably  elevated,  the  anterior  profile 
steep  and  regularly  convex  from  base  of  first  dorsal  spine  to 
point  of  snout.     Color  brassy  olive,  with  darker  crossbands  and 
few  violet  marks ;  preorbital  i)lain  brownish ;  an  inky  axillary 
spot ;  ventrals  dusky.    Head,  3^ ;  depth,  2^.    Scales,  6-50-13. 

D.  XII,  11;  A.  Ill,  10 BRAcm'soMus,  101. 

gg.  Canines  moderate,  about  ^;  preorbital  broad,  its  least  width 
about  2^  in  head;  mouth  moderate,  maxillary  about  2^  in  head; 
eye  moderate,  about  3|  in  head;  pectoral  about  2|  in  body. 
Body  moderately  compressed,  rather  elongate,  the  back  only  mod- 
erately elevated,  the  anterior  profile  convex  to  eye,  thence  straight 
to  point  of  snout.  Color  smutty  silvery,  with  dark  crossbands; 
blotches  on  the  fi  ns ;  no  black  axillary  spot.     Head ,  3^ ;  depth,  2} ; 

scales,  7-51-14;  D.  xii,  12;  A.  in,  10 Leucostei-s,  102. 

ff.  Scales  large,  about  46  ^45  to  48)  in  lateral  line;  body  rather  elongat<^, 
the  de])th  about  2^ in  boily ;  longest  dorsal  spine  about  2^  in  head. 
h.  Canines  small,  about  JS;  eye  large,  about  3  in  head;  preorbital 
narrow,  about  equal  to  eye;  mouth  small,  the  maxillary  about 
2^  in  head ;  dorsal  spines,  x  i.  (Dorsal  outline  forming  a  compara- 
tively regular  arch,  the  back  being  elevated,  the  anterior  profile 
steep  and  nearly  straight.  Color  plumbeous  gray,  with  a  blue 
spot  on  each  scale,  preorbital  with  blue  streaks;  a  blue  streak 
below  eye;  a  blue  point  in  the  axil;  fins  pale.)  (Poey.)  Head, 
3^;  depth,  21;  scales  (f);  1).  xif ;  A.  iiif Macrofs,  103. 
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hh,  Caiiiues  moderate;,  V'o,  ^^^  outer  on  each  Hide  sometimes  enlarj 

eye  rather  Braall,  ahoat  4|  iu  head  in  adult ;  ])reorhital  very  d 

about  2^  to  2}  in  head ;  mouth  large,  the  maxillary  about  2 

2}  in  head;  dorsal  Bpines,  xii.   Body  rather  oblong,  the  back 

strongly  arched,  tbe  anterior  profile  rather  evenly  curved, 

convex  than  in  C.  arctifroua;  head  narrowed  above,  the  occip 

crest  as  high  as  eye.    Color  dull  silvery,  faintly  banded ;  prec 

ital  plain ;  axils  dusky ;  Ventrals  pale ;  edge  of  opercle  du» 

Head,  3  to  3i;  depth,  2^.     Scales,  6-46-14;  D.  xii,  12;  A.  in,     XO 

Tairinl's, 
ee.  Pectoral  (in  short,  about  3|  in  body. 

t.  Dorsal  outline  forming  a  comparatively  regular  arch,  the  ante 

profile  from  tlie  snout  to  the  base  of  the  spinous  dorsal  evGW^^S 
convex;  the  back  elevated,  the  depth  in  the  adult  about  2^  xv 
length;  eye  small,  3|  to  4^  iu  head;  canines  Bal>equal,  -!*„;  y*'^'^ 
orbital  not  very  deep,  2^  to  3  in  head;  pectoral  shortisfa,  3^  ^^ 
body ;  longest  dorsal  spine  2^  in  head.  Color,  dull  silvery,  w  i-  ^^ 
pearly  spots  on  scales  of  back ;  preorbital  bluish,  plain  or  \r 
pearly  markings,  without  blue  stripes ;  a  fsiint  palo  streak  bel 
eye;  axil  with  a  small  inky  black  spot;  ventrals  blackish;  dfl 
crossbars  on  bo<ly ,  usually  persistent.  Head,  3^ ;  depth,  2^ ;  scaJ 
6-48-13;  D.  xii,  12;  A.  in,  10 Penna,  t 

ii.  Dorsal  outline  not  forming  a  regular  arch,  the  anterior  pro 

straight  from  base  of  spinous  dorsal  to  nax)e,  where  a  rat 

sharp  angle  is  formed,  thence  straightish  above  eye,  the  sn 

convex;  body  rather  elongate,  the  depth  about  2^  in  length. 

j,  Preorbital  deep,  its  depth  2^  in  head,  and  nearly  twice  diame^ 

of  eye,  which  is  4  to  5  in  head;  pectoral  3]^  in  body;  lon^-^^*^* 
dorsal  spine,  2f  in  head ;  canine  teeth,  i%.   Body  oblong,  the  bc^  ^^^ 
little  elevated,  not  nearly  so  much  as  in  C  penna,  the  anteir"m*" 
profile  unevenly  curved,  very  convex  before  eye;  head  narr— ^^"'^ 
above;   back  nearly  straight  along  base    of  spinous  dor^s-^^^* 
Color  olivaceous,  with  dark  bars  or  spots,  tho  centers  of  m^B-'Ki  J 
scales  pearly;  six  yellowish  spots  along  the  lateral  line;  i 
orbital  brownish /usually  with  dashes  of  golden  yellow;  mc^ 
brane  of  opercle  orange;  fins  mostly  barred  or  spotted;  venter^'* 
pale,  faintly  barred.    Head,  3i;  depth,  2|;  scales,  6-48-13;       ^• 

XII,  12;  A.  Ill,  10 Arctifrons,  I-06« 

jj,  Preorbital  not  deep,  its  depth  2^  in  head;  pectoral  shorty      ^i 
.  .            iu  head;  dorsal  fins  low,  the  longest  spine  about  3  in  he^^^r 
canines  §,  moderate,  equal.    Body  little  elevated,  the  anter"^®'' 
profile  rather  strongly  convex,  the  curve  continuous  from  sn-^c^nt 
to  middle  of  dorsal.    Color  olivaceous,  with  darker  crossbars 
preorbital  plain;  a  dark  axillary  spot;  a  blue  subocnlar  ba: 
ventrals  dark.    Head,  3i;  depth,  2^.     Scales  in  lateral  line, 
p.  xu,  12;  A.  ui,  10 Medius, 
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97.  CAIiABffUS  CALAMUS.    (Saucer-eye  Porgy.) 

tM^^lltu  calamus  Cuv.  &  Val.,  vi,  1830,  206,  pi.  15*J  (Martiniqae,  Sau  Domingo). 
hrysophnfs  calamtw^  Giinther,  i,  487, 1859  (Bahia,  Triuidad,  Cuba,  Jamaica;  seyeral 

species  coufounded). 
af<i8iH«  calamus,  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1884, 17  (Key  West,  Havana). 
a2«fiiiM  megacepkalus  Swainson,  Nat.  Hist.  FIbIi.,  ii,  222,  1839  (after  Cuv.  &  Val.); 

Guichenot,  Revision  des  i*agel8,  Mcui.  Soc.  Imp.  Cberboarg,  xiv,  112; 

Poey,  Ann.  Lye.  Nat.  Hist.,  N.  Y.,  1872,  178. 
*agellu8  orhitarin*  Poey,  Memoriiis,  ii,  1860,  201  (Havana). 
pcrriM  orbitarius  Poey,  Synopsis,  1868,  308. 

alamw  orhitarim  Poey,  Ann.  Lye.  Nat.  Hist.,  N.  Y.,  1872, 179,  pi.  vi,  f..2. 
'alamns  macrops,  Jordan  &  Gilbert,  Syu.  Fish.  N.  A.,  1883,  927  (Garden  Key). 

Qabitat:  West  Indies,  noi-tli  to  Florida  Keys, 
etymology:  Calamus j  a  reed,  the  equivalent  oipez  depluma, 
Xliis  8x><5cies,  described  in  detail  in  the  paper  of  Jordan  &  Gilbert 
bove  mentioned,  is  generally  common  about  Key  West  and  Ilavanai 
daebing  a  length  of  15  inches.  It  is,  however,  nowhere  so  abundant 
s  jproridens  or  hajonado.  Among  the  specimens  in  the  museum  at 
'dinbridge  are  some  of  the  types  of  Calamus  orbitarius.  In  some  of 
tiese  none  of  the  canines  are  turned  forward,  and  none  of  the  speci- 
lens  coUected  by  Dr.  Jordan  show  this  character.  In  others  the 
uttermost  of  the  seven  or  eight  canines  in  the  upper  jaw  is  turned 
irectly  forward,  a«  in  Cproridens,  Some  of  these  also  show  an  approxi- 
^£ttion  to  the  head  colorsction  of  0.  proridens.  The  dorsal  spines  and 
^e  depth  of  the  preorbital  show  that  all  these  belong  to  (7.  oaJamus, 
^^t^mus  megacepkalus  Poey  is  based  on  specimens  of  C.  calamus^  with 
be  antrorse  canines  of  C.  proridens.  The  implication  of  a  confusion 
ti  looey's  description  made  by  us  (Proc.  U.  S.  N.  M.  1883, 16, 18)  is 
^I'obably  unwarranted,  as  his  specimens  at  Cambridge  agree  with  his 
l-QBcription.  The  direction  of  the  teeth  is  less  valuable  as  a  diagnostic 
character  than  our  specimens  led  us  to  suppose. 

98.  CALABCUS  PRORXDBNS.    (Little-head  Porgy ;  Fern  de  Plmna.) 

^^miM  megacepkalus  Jordan  A  Gilbert,  Syn.  FiBh.  N.  A.,  1883,  926  (Florida  Keys; 

not  of  Swainson). 
^^lamus pennaiula  Jordan  &,  Gilbert,  Proc.  U.  S.  N.  M.  1884, 15  (Key  West,  Havana; 

not  of  Guichenot). 
^QloMM  jproridfM*  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1884,  150  (Key  West). 

Habitat:  West  Indies,  north  to  the  Florida  Keys. 

Etymology:  Proraj  prow;  densy  tooth,  from  the  projecting  canines. 

This  species,  the  most  brightly  colored  of  the  genus,  is  very  abun- 
dant about  the  Florida  Keys.  It  is  not  quite  so  common  either  at  Key 
^est  or  at  Havana  as  Calamus  hajonado,  but  in  both  places  either 
^j)ec  ies  far  outnumbers  all  the  remaining  species  combined. 
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99.  CALAMUS  PENNATULA. 

Calamus  pennaiula  Giiichenot,  Revibion  des  Pagels,  116  (Martinique). 

Habitat:  West  Indies. 

Etymology:  Pennattilaj  diminative  of penna^  a  quill. 

This  species  is  known  only  from  Guichenot's  description,  which  ^fcias 
been  verified  by  us  on  the  original  type  by  Mr.  Alexandre  Thomir:*  ot 
It  seems  to  be  close  to  (7.  proridensj  differing  in  the  elongate  body. 

100.  CALABflUS  BATON  ADO.    (Jolt-head  Porgy ;  Bajonada) 

Bajonado  Parra,  Dif.  Piezaa  Hist.  Nat.,  1787,  13,  lam.  8  (Havana). 

Sparua  bajonado  Bloch  &  Schneider,  Syst.  Ichth.,  1801,  284  (after  Parra). 

Pagellus  h^fonado,  Poey,  Proc.  Ac.  Nat.  Sci.  Phila.  1863,  177;  Poey,  Synopsis,  1868^    ^^ 

(Havana). 
Calamus  bajonadOf  Poey,  Ann.  Lye.  Nat.  Hist.,  N.  Y.,  1872,  x,  176,  pi.  vi,  f.  1  (Havaiv  ^2i 

Poey,  Enumeratio,  55,  1875;  Poey,  Ann.  Soo.  Hist.  Nat.  Esp.,  x,  1881, 

(Puerto  Rico);  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1884,  20  (Key  W- 

Havana,  and  elsewhere). 
Pagellus  caninus,  Poey,  Memorias,  Cuba,  ii,  199,  1860  (Havana);  Guichenot,  IC^ 

Pagels,  123. 
Calamus plumatula  Guiohenot,  Rev.  Pagels,  119  (Martinique);  Jordan,  Proc.  U^      ^* 

Nat.  Mns.  1886,  537  (reexamination  of  type). 

Habitat:  West  Indies,  north  to  Florida  Keys. 

Etymology:  Bajonado j  the  Cuban  name,  apparently  equivalent      '^^ 
bayonet,  and  probably  alluding  to  the  interhsBmal. 
This  species  at  Key  West  and  at  Havana  is  the  most  abundant 


f 


the  genus,  and  reaches  a  larger  size  than  any  of  the  others.   The  largt^*^ 
seen  by  us  were  22  inches  long.    It  is  the  dullest  in  color  of  the  lar.  -^'^^ 
species.    Specimens  from  Poito  Seguro  and  &om  the  Bermudas  are 
the  museum  at  Cambridge.    The  type  of  Calamu9  plumatula  now  in  t 
museum  at  Paris  is  a  young  bajonado. 


101.  CALAMUa  BRACHTSOMUS.    (Mojarra  Garabata.) 

8parus  hrachysomus  Lookington,  Proo.  U.  S.  N.  M.  1880, 281  (Magdalena  Bay) ;  Jord 
&  Gilbert,  Proc.  U.  S.  N.  M.  1881, 277  (Picheluogo,  Lower  California) ;  J 
dan  4&  Gilbert,  Proc.  U.  S.  N.  M.  1884, 21  (Mazatlan) ;  Evermanu  &  Jenki 
Proc.  U.  8.  N.  M.  1891, 153  (Guaymas). 

Habitat:  Gulf  of  California  and  neighboring  waters. 

Etymology:  fipa^tx;^  short;  trmfiaj  body. 

This  species,  which  is  allied  to  the  Atlantic  species  leuoosteusj  is  co 
mon  about  the  Oulf  of  California.  A  specimen  £rom  Magdalena  Bay 
in  the  museum  at  Cambridge. 
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102.  CALAMUS  LBUCOSTEUS.    (White-bone  Porgy.) 

itiM  bajonado,  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  1883, 926  (Charleston) ;  Jordan 

&,  Gilbert,  Proo.  U.  S.  N.  M.  1882, 604  (not  bajonadOy  Bloch  &  Schneider). 
mus  l€uco9ieu9  Jordan  d&  Gilbert,  Cat.  Fishes  N.  A.,  1885,  91  (Charleston). 

abitat:  Soath  Atlantic  coast  of  United  States,  in  rather  deep  water, 
grmology:  Xeuxo^j  white;  d<rT^ov,  bone. 

lis  species  is  known  from  several  examples  sent  from  the  markets 
ayana  by  Mr.  Charles  O.  Leslie.  The  name  "white-bone  porgy" 
ingaishes  it  from  Stenotomus  chrysopsj  but  the  source  of  this  name 
iknown  to  us. 


103.  CAI.AMX78  MACROPS. 

mtu  macraps  Poey,  Ann.  Lye.  Nat.  Hist.  N.  Y.,  1872,  181,  f.  3  (Havana). 

Eabitat:  West  Indies. 

tymology;  iiaxpSq^  long  (large);  c3^,  eye. 

his  species  is  known  only  from  Poey's  description  and  figure.    We 

e  seen  no  specimens  corresponding  to  it. 

104.  CALAMUS  TAURINnS. 

^hry$  taurina  Jenyns,  Zool.  Beagle,  Fishes,  1842,  56,  pi.  vii,  12  (Galapagos 

Islands) ;  Yalenciennes,  Voyage  Venus,  v,  330, 1855  (Galapagos  Islands). 
>»««  Uiunnus,  Jordan  &  BoUman,  Proc.  U.  S.  N.  M.  1889, 181. 
^phrys  cyanoptera  Valenciennes,  1.  c.  (Charles  Island),  pi.  4,  f.  2  (Galapagos). 

^bitat:  Galapagos  Islands, 
ymology:  From  tauruSj  bull;  bull-headed. 
this  species  we  have  examined  several  specimens  in  the  museum 
^nibridge,  from  Charles  Island,  one  of  the  Galapagos.    Specimens 
^l8o  obtained  from  the  same  locality  by  the  Albatross. 

B.  Mis.  113 33 
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105.  CALAMUS  PENNA.    (Little-moutli  Porgy ;  Sheepflhead  Pjrgy. 


Pagelluapenna  Cuv.  Sc  Val.,  vi,  209, 1830  (Brazil) ;  Guichenot,  in  Ramon  de  la 

Hist.  Cuba,  82  (Cnba). 
Calamu9 penna,  Gaichonot;  Revision  P<agol8, 114  (Brazil,  Caba,  Martinique);  Joi 

&  Gilbert,  Procf.  U.  S.  N.  M.  1884, 21  (Key  West) ;  and  in  other  papers. 
Pagellus  micropa  Guichenot,  Ramon  de  la  Sagra,  Hist.  Cuba,  188,  tab.  3,  f.  1  (Havai 
Calamus  microps  Guichenot, Revision  Pagels,  118  (Cuba);  Jordan,  Proo. U.S.N.^i^ 

1886,537  (examination  of  type). 
Pagellua  htimilU  Poey,  Synopsis,  1868, 308  (Havana). 
GrammateuB  humilis  Poey,  Ann.  Lye.  Nat.  Hist.  N.  Y.,  1872,  182;  Poey,  Enomera^^^-Atio, 

1875, 56. 
Pagellua  milneri  Goode  A.  Bean,  Proc.  U.  S.  N.  M.  1879,  134  (Charlotte  Harb«zr»or, 

Florida) ;  Jordan  &.  Gilbert,  Synopsis,  1883,  556. 

Etymology:  Pennay  a  quill  or  pen. 

The  dark  spot  in  the  axil  is  a  diagnostic  mark  of  this  species, 
types  oi  milneri  ^nd.  penna  are  identical.  A  small  sx)ecimen  in 
museum  at  Cambridge,  which  may  be  the  type  of  Poey's  Orammat^^^^ 
humiliSj  belongs  to  this  species.  This  example  is  6  inches  long,  the  c^^y® 
nearly  4  in  head,  the  depth  2^  in  length,  and  the  pectoral  as  long  ^  ^ 
head. 

The  type  of  Calamus  microps  Guichenot  is  in  the  museum  at  Pai— ^■^^^ 
It  agrees  with  Calamus  penna  in  all  respects  except  the  size  of  the  e^^^^^^ 
which  is  4|  in  head.    It  is  probably  not  a  distinct  species. 

Specimens  of  0.  penna  are  in  the  museum  at  Cambridge  from 
Janeiro,  St.  Thomas,  Havana,  Camaru,  and  Bio  Grande  do  Sul. 


io 


106.  CALAMUS  ARCTIFRON8.    (Orasa  Porsj;  Shad  Porgy.) 

Calamua  arcHfrons  Gk>ode  ik  Bean,  Proc.  U.  S.  N.  M.  1882, 425  (Pensacola) ;  Jordan  » 
Gilbert,  Synopsis,  1883, 928  (Pensacola) ;  Jordan  &  Gilbert,  Proc.  U.  S.  N. 
1884,  23  (Key  West) ;  Jordan  &  Swain.,  Proc.  U.  S.  N.  M.  1884,  232  (C 
Keys). 

Habitat:  Gulf  of  Mexico,  from  Pensacola  to  Key  Wes^. 
Etymology:  Arctusy  contracted;  from,  forehead. 
This  small  porgy  is  common  in  the  eelgrass  about  Key  West,  ancp 
ranges  northward  at  least  to  Pensacola. 

107.   CALAAnrS  MEDIITS. 

Grammateua  mediua  Poey,  Ann.  Lye.  Nat.  Hist.  N.  Y.,  1872, 183,  pi.  vii,  f.  4  ( Havana^ -*^^^^ 
Poey,  Enumeratio,  1875,  56  (Havana). 

Habitat:  West  Indies. 

Etymology:  ilfe({{i««,  medium. 

We  refer  to  this  species  a  specimen  from  Havana  (21838,  M.  C.  32^   ^^ 
15  inches  long.    The  species  seems  to  be  allied  to  C.  pennoj  diflferin^^^yi? 
the  more  elongate  form. 
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XXIV.  SPARUS. 

NUns  Artedi,  Genera  Piscium^  1738,  35  (aurataf  etc.)- 

mmm  Linn»as,  Syst.  Natnra,  ed.  x,  1758, 277  (aicrafa,  etc.),  restricted  to  aurata  by 

Bleeker,  Gill,  and  various  authors. 
gnui  Cuvier,  R^gne  Animal,  ed.  i,  1817,  272  (argenteua^^pagrua). 
mta  Risso,  £urox>e  Mdrid.,  iii,  356,  1826  {aurata). 
rymophrjB  Cuyier,  R^gne  Animal,  ed.  ii,  1829  {aurata). 
ryaoblephiia  Swaiusou,  Nat.  Hist.  Fishes,  etc.,  ir,  1839,  221  {gibbiceps). 
gyropa  Swaiuson,  1.  c.  {apinifer). 
Srichthys  Bleeker,  Nederl.  Ind.  Nat.  Tijdschr.,  xxi,  60,  1860. 

Tjrpc^ :  Sparus  aurata  L. 

Etymology:  (ntdpoqj9paru8y  an  old  name  of  some  fish  of  tkis  genus. 

This  is  a  large  genus,  cliiefly  represented  in  the  waters  of  the  Old 

■orld,  and  comprising  a  considerable  variety  of  forms.    The  species 

i?e  been  commonly  distributed  in  two  genera:  Pagrus  with  the  molar 

eth  in  two  series,  and  Sparus  (Ckrysophrys)  with  the  molars  in  three 

more.    This  character  has  not  much  importance,  and  Steindachner 

s  proi)osed  to  substitute  for  it  the  following: 

Sparus :  Teeth  behind  the  canines,  with  the  apex  rounded,  granu- 

ed,  or  globose;  molars  in  two  or  more  series. 

Pagrus:  Teeth  behind  the  canines  acute,  subulate  or  -setaceous; 

lars  in  two  or  more  series. 

Although  in  general  appearance  8parus  aurata  and  Sparus  pagrus 

Ter  considerably,  and  also  considerably  from  other  aberrant  species, 

^.  gibhiceps  and  S,  spinifery  there  is  no  imx>ortant  difference  in  the 

lU  or  skeleton,  and  we  placed  in  one  genus.    To  this  genus  Pa^gel- 

is  very  closely  allied. 

^iit  one  species  of  Sparus  is  yet  known  from  America,    In  Europe 

^und: 

SPARUS. 

108.  SPARUS  AX7RATA  (L.).  Southern  Europe  north  to  England. 

109.  SPARUS   CiESRULEOSTICTUS  Cuv.  &,  Val.    Northwest  coast  of 

Africa  (lately  obtained  in  Sicily  by  Prof.  Doderlein). 

I^AGRUS. 

110.  SPARUS  PAGRUS  L.    Southern  Europe  north  to  England;  common 

also  along  the  South  Atlantic  and  Gulf  coasts  of  the  United  States. 

HI.  SPARUS  EHRHNBERGI  (Cuv.  &  Val.).    Mediterranean  Sea;  rare. 

112.  SPARUS  BZ2RTHELOTI  (Valenciennes).     Western  Mediterranean 
and  neighboring  islands. 
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ANALYSIS   OF   AMKKICAX    8PKCIES   OF   SPAKUS. 

a.  Molar  teeth  in  two  series;  teeth  behind  the  caniues  slender;  8cale8  large  (aliout 
55).  (Pagrus.) 
h.  Dorsal  spines  not  elongate ;  second  anal  spine  stronger  but  not  longer  than  third, 
about  4  in  head ;  pectoral  fin  elongate,  reaching  about  to  fourth  soft  ray  of 
anal.  Body  oblong,  the  back  moderately  elevated,  the  profile  parabolic;  pre- 
orbital  deep:  D.  xii,  10;  A.  iii,  8.  Scales  6-56-13.  Life  color,  golden  olive; 
the  middle  of  each  scale  pinkish,  so  that  the  fish  appears  red ;  sides  and  below 
flushed  silvery ;  many  scales  of  back  and  sides  each  with  a  round  purplish-blue 
spot,  these  forming  streaks  along  the  rows  of  scales ;  fins  mostly  reddish. 

Fagrus,  110. 


110.  SPARUS  PAGRUS.    (Red  Porgy.) 

Sparuspoffrus  L.,  Syst.  Nat.,  cd.  x,  1758,  and  of  many  authors. 

Spams  argenieus  Bloch  &  Schneider,  1801,  271. 

PagruB  argenteuSf  Cuvier,  R^gne  Animal,  i,  1817,  272. 

Pagrus  vulgaris  Cuv.  &  Val.,  vi,  142,  1830,  and  of  most  European  writers. 

Pagrus  argenteus,  Goode  &,  Bean,  Proc.  U.  S.  N.  M.  1879,  133  (Pensacola). 

Sparus  pagrus,  Jordan,  Proc.  U.  S.  N.  M.  1882,  278  (Pensacola)  and  elsewhere. 

Habitat:  Southern  Euroiie  and  South  Atlantic  itud  Gulf  coasts  of 
the  United  States. 

Etymology:  Tzdypot;^  pagrus^  the  old  name,  which  has  become  pargo 
and  porgy  in  modern  tongues. 

This  species,  common  in  southern  Europe,  has  been  -several  times 
taken  on  the  snapper  banks  about  Pensacola.  There  seems  to  be  no 
diflference  between  American  and  European  specimens,  except  that  in 
European  descriptions  we  find  no  allusion  to  the  blue  spots  character- 
istic of  the  American  fish. 
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XXV.  PAGELLUS. 

Pagellna  Cuv.  <fc  Val.,  vi,  169,  1830  (erythrinus). 

Type:  Spar  us  erythrinus  Cuv.  &  Val. 

Etymology:  Yrenchy pagel;  a  derivative  or  dimiimtive  of  pagre  and 
Pagrus. 

Tliis  genus  is  very  close  to  Sparu^t,  from  which  it  differs  in  no  very 
important  character,  the  skull  and  skeleton  in  the  two  being  essentially 
alike,  and  the  only  tangible  distinctions  lying  in  the  weaker  dentition 
and  more  elongate  form  of  Pagellujt,  The  four  recognized  species  are  all 
European,  one  being  doubtfully  accredited  to  the  coast  of  Brazil.* 

The  species  are: 

113.  PAGELLUS  ERyTHRINTTS   (L.)-     Southern  Europe,  etc.,  north  to 

England. 

114.  PAGELIjITS  ACARNE  Cuv.  <&.  Val.     Southern  Europe,  etc.,  north  to 

England. 

115.  PAGELLUS  CENTRODONTUS'CDe  la  Roche).  Southern  Europe  north 

to  England. 

116.  PAGEIaliUS  BOGARAVEO  (BrUnnich).     Southern  Europe,  etc. 

117.  PAGELIjUB    MORMTRUS    (L.).    Mediterranean    and    neighhoring 

waters;  said  to  occur  in  Brazil. 

*  ANALYSIS   OF   SUPPOSED  AMERICAN   SPECIES   OF  PAGRLLUS. 

a.  Color,  golden  silvery,  with  seven  narrow  blackish  crossbars,  sometimes  dupli- 
cated. Body  oblong,  compressed;  mouth  very  protractile,  the  maxillary  bent; 
eye  5  in  head,  which  is  a  little  less  than  depth  of  body.  D.  xi,  12;  A.  iii,  10. 
Scales  6-64-13 Mormyrus  (pemambucensia). 

PAOELLUS  HORMYBUS. 

Sparut  mormyrui  Linnietifl,  Syat.  Nat.,  1758,  eil.  X. 

Pagelhu  inormyru*  Cuv.  Sc  Val.,  vi,  200,  and  of  nearly  all  European  authors. 
PoffOlua  yoreentiM  Cuv.  &  Val.,  vi,  203,  1830  (Gorea). 
PagelhtapemambtieenHaCMy.  &  Val.,  vi,  216,  1830  (Pernambuco?). 

Habitat :  Mediterranean  Sea  and  neighboring  coasts ;  ascribed  (m  very  doubtful 
authority  to  America. 

Etymology:  Mormyrus,  /aop^vpoif  a  name  given  by  Aristotle  to  this  species. 

The  claim  of  this  species  to  a  place  among  American  fishes  is  the  presence  in  the 
Museum  of  Berlin  of  a  stuffed  example,  received  by  Bloch  from  ''  Fernambouc,''  and 
bearing  the  label  '^  Sparua  pcmamhuccnsif.**  Giinther  mentions  three  specimens  in 
the  British  Museum  from  "St.  Vincent,"  collected  by  McGillivray.  As  already 
noticed,  there  is  an  island  St.  Vincent  in  the  Cape  Verde  group  where  this  species 
is  common,  as  well  as  one  among  the  Lesser  Antilles,  where  it  has  not  yat  been  taken. 
The  sx>ecimens  of  McGillivray  came  from  the  Cape  Verde  Island  of  St.  Vincent. 
The  occurrence  of  any  Pagellus  in  America  is  yet  to  be  verified. 


518       REPORT   OF   COMMISSIONER  OP  PISH  AND   PISHERIES. 


XXVI.  LAGODOH.* 

Lagodon  Holbrook,  Icli.  South  Carolina^  59,  1860  (rhnnhoiden). 

Type :  Sparus  rhomboides  L. 

Etymology:  Xayoq,  hare;  oiituv,  tooth. 

This  genus  contains  a  single  species,  very  abundant  along  the  Atlantic 
coasts  of  the  United  States.  The  essential  cliaracter  of  the  genus  is  in 
the  form  of  the  skull. 

ANALYSIS   OF   SPRCIRS   OF   LAGOIIQN. 

a.  Upper  jaw  with  two  rows  of  molars;  dorsal  spines,  12;  second  anal  spine  not 
longer  than  third;  body  elongate,  ^Uiptical;  depth,  2  to  2]  in  length;  head,  3|i; 
head  flattened,  muzzle  pointed,  protile  not  very  steep;  eye  moderate,  IJ  to  liin 
snout,  1  in  interorbital,  4  in  head;  mouth  moderate,  maxillary  not  reaching  to 
front  of  orbit,  3^  in  head;  incisors  |,  deeply  notched ;  molars  iutwo  serieflin 
each  jaw;  dorsal  spines  all  rather  high,  the  highest  about  2  in  head;  cftudftl 
deeply  forked;  ventrals  short  and  broad ;  pectorals  moderate,  upper  rays  react- 
ing past  origin  of  anal;  bluish  above,  paler  below;  sides  with  8  to  12 golden 
longitudinal  stripes  and  about  G  dark  crossbars;  a  black  blotch  above  pectoral; 
anal  with  a  light  margin ;  dorsal  and  anal  each  with  a  median  golden  Btrip^' 
D.  XII,  11 ;  A.  Ill,  11 ;  scales,  10-65  to  70-17 Rhomboides,  1^^ 

118.  la(»6don  rhomboidbs. 

(Pinfiah;  Bream;  Sailor's  Choice ;  Chopa  Spina.) 

i^arus  rhomhoidea  Linnnus,  Syst.  Nat.,  ed.  xii,  470,  1766  (Charleston,  on  a  speei^^^ 
from  Dr.  Garden) ;  Schopf, ''  Schrifr,  derNaturf.  Freunde,  Berlin,  viif,  %^' 
1788  (New  York);  Gmelin,  Syst.  Nat.,  1275,  1788  (copied);  Shaw,  '*0^^' 
Zool.,  IV,  447,  1803." 

Sargus  rhomhoidea  Cuv.  &  Val.,  Hist.  Nat.  Poiss.,  vi,  68,  pi.  143,  1830  (New  Y^^^' 
New  Orleans);  DeKay,  Fishes  New  York,  93,  pi.  71,  fig.  228,  1»42  (^^^ 
York);  Storer,  Synopsis  Fishes,  333,  1846  (copied);  Giinther,  Cat.  F»*"* 
Brit.  Mus.,  I,  447,  1859  (Southern  United  States). 

Lagodan  rhomhoidea  Holbrook,  "Ichth.  S.  Car.,  58,  pi.  8,  fig.  1,"  1860  (South  ^^^Z 
Una);  Gill,  Cat.  Fish.  East  Coast,  27,  1873;  Poey,  Syn.  Pisc.  Cub.,  ^^ 
1868  (Cuba) ;  Gill,  Cat.  Fish.  East  Coast,  27,  1873;  Pooy,  Enamcratio  P* 
Cub.,  58,  1875  (Cuba) ;  Uhler  &  Lugger,  Fishes  of  Maryland,  104,  %^ 
(Maryland) ;  Goode,  Fishes  Bermuda,  Am.  Joum.  Sci.  and  Arts,  1877, 
(Bermuda);  Jordan  &  Gilbert,  Proc.  U.  S.  N.M.  1878,  378  (Beaufo 
Goode  &  Bean,  Proc.  U.  S.  N.  M.  1879,  133  (Pensacola) ;  Jonlan,  Proc.  iT-; 
N.  M.1880,  19  (eastern  Florida);  Jordan,  Proc.  U.  S.  N.  M.  1880,  22  C^ 
Johns  River) ;  Bean,  Proc.  U.  S.  N.  M.  1880,  95  (St.  Johns  liivor) ;  Jorda*:^ 
Gilbert,  Proc.  U.  8.  N.  M.  1882,  278  (Pensacola) ;  Jordan  &  Gilbert,  Proc— 
S.  N.  M.  1882, 605  (Charleston) ;  Bean,  Cat.  Fish.  Intemat.  Fish.  Ex.  Lon* 
57,  1883  (Galveston,  Texas) ;  Henshall,  Florida,  239,  1884  (east  and 
coasts,  Florida  Keys) ;  Gill,  Standard  Nat.  Hist.,  iii,  222, 1886;  Eigenmi 
&  Hughes,  Proc.  U.  S.  N.  M.  1887,  66. 

*  In  the  synonymy  and  treatment  of  Lagodon,  Archoaargua  and  JHplodua  we  foL 
closely  the  paper  by  Eigenmanu  &  Hughes  (Proc.  U.  S.  Nat.  Mus.  1887,  65  e< 
This  paper  was  based  on  the  material  before  us. 
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odu9  rkomboides  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  558,  1883;  Jordan,  Proc. 
U.  S.  N.  M.  1884, 129  (Key  West) ;  Jordan  &  Swain,  Proc.  U.  S.  N.  M.  1884, 
233  (Cedar  Keys) ;  Jordan,  Cat.  Fish.  N.  A.,  91,  No.  1064, 1885  (name  only) ; 
Jordan,  Proc.  U.  S.  N.  M.  1886,  28  (Beanfort,  N.  C). 

a  rhomboidalis  Goode  Sl  Bean,  Proc.  U.  S.  N.  M.  1885,  20  (not  of  LinnflBUs). 

[abitat:  Atlantic  and  Gulf  coasts  of  tlie  United  States^  Gape  God 

?aba. 

Itymology:  Mf^fio<:j  riiomb;  eldoc;^  appearance. 

his  species  is  Very  common  all  along  the  eastern  coast  of  the  United 

kes  south  of  New  York,  and  on  the  Gulf  coast  as  far  west  as  Pen- 

>Ia. 

XZVn.  A&CHOSAKOVS. 

iiosargiis  Gill,  Canadian  Naturalist,  Angnst,  1865  (prohatocephalua). 
ype:  Icarus  probatoc^halus  WoLbBtXim, 

tymology:  <i/>;^o?y  chief;  (TapYot:^  8argnSj  an  old  name  ot  Diplodus. 
his  genus,  like  Lagodon  and  Stenotomusy  which  show  the  same 
racter  of  the  procumbent  dorsal  spine,  is  confined  to  American 
eTB.  There  are  two  color  tjrpes  in  the  genus,  one  group  being  made 
of  species  with  broad  black  crossbands,  the  other  of  species  with 
ien  streaks  and  inconspicuous  crossbands,  resembling  the  species 
Lagodon, 

ANALYSIS  OF  SPRCIKS  OF  ARCHOSAROtJfl. 

kjcipital  crest  rather  thin,  its  honeycomb  stractnre  not  exposed.    Species  with 
streaks  of  steel-blue  and  golden,  the  dark  crossbands  narrow,  disappearing 
with  age,  about  one-third  the  interspaces ;  a  black  humeral  spot. 
Dorsal  spines  13;  incisors  f  on  each  side;  side  of  back  with  8  or  9  golden 
streaks,  which  are  narrower  than  the  metallic-bine  interspaces. 

c.  Scales  9-48-15;  x>ectoral  fin  not  quite  reaching  second  anal  spine ;  body  rather 
deep  and  compressed,  the  depth  2  to  2^  in  length ;  head  3|^ ;  profile  rounded, 
steep ;  mouth  moderate,  the  maxillary  not  reaching  front  of  orbit,  3  to  3|-  in 
head ;  eye  large,  as  broad  as  preorbital,  3f  to  4  in  head,  1^  in  iuterorbital 
width.  Incisors  f  on  each  side,  entire,  or  with  a  shallow  notch;  molars 
3-rowed  above,  2-rowed  below.  Fifth  dorsal  spine  highest,  2  to  2|  in  head; 
second  anal  spine  strong,  recurved,  2^  in  head;  vcntrals  moderate,  4^  to  4}^ 
in  head,  not  nearly  reaching  vent.  Olivaceous,  silvery  below,  the  upper 
parts  with  golden  longitudinal  stripes  alternating  with  bluish  interspaces ; 
humeral  spot  larger  than  eye.  D.  xiii,  10;  A.  in,  10  or  11;  scales,  8  or 
9-45  to  50-14  to  16 Unimaculatus,  119. 

ce.  Scales  7  or  8-48-15;  pectoral  fin  reaching  second  nnal  spine;  body  rather  less 
deep,  the  snout  a  little  longer;  ventrals  shorter,  5  to  5|  in  head;  otherwise 
essentially  as  in  the  preceding,  of  which  it  is  the  Pacific  coast  representative. 

POURTAIXSII,  120. 

.  [Dorsal  spines  12 ;  incisors  f  on  each  side.  Depth  2\^a  ^^  total  length ;  head 
more  than  4;  eye  S^n  head,  1  in  snout;  maxiUary  extending  to  a  point 
between  the  pupil  and  the  'interior''  border  of  eye;  profile  with  a  slight 
depression  above  the  eye ;  second  anal  spine  much  longer  than  the  third. 
Color  grayish,  belly  white;  8  golden  longitudinal  bands;  a  black  shonlder- 
spot.    D.  XII,  10;  A.  Ill,  9.]  (Poey) Tridbns,  121. 
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aa.  Occipital  crest  broad,  its  honeycomb  straotore  plainly  exposed  at  its  upper 
margin;  dorsal  spines  12;  species  without  bine  or  golden  markingB,  but 
with  abont  seven  broad  black  crossbands  crossing  the  body;  no  dUtinct 
shonlder-spot.  Body  much  compressed;  dorsal  outline  strongly  arched; 
ventral  outline  almost  straight.  Profile  straight  and  steep  anteriorly.  Depth 
2  to  2|  in  length;  head  3^.  Head  compressed,  deep;  mouth  large,  almost 
horizontal;  maxillary  2f  in  head;  eye  placed  high,  4  in  head,  1^  in  interor- 
bital,  1^  in  suborbital.  Incisors  f ,  entire  or  slightly  emarginate,  semte 
in  the  young;  molars  in  three  series  above,  in  two  below;  those  of  the 
inner  series  larger,  those  behind  the  incisors  very- small.  Highest  dorsal 
spine  li  in  head;  caudal  not  deeply  forked;  second  anal  spine  about 
twice  in  head,  much  longer  than  third.  Ventrals  not  nearly  reaching  vent; 
pectorals  reaching  past  beginning  of  anal.  Color,  head  dark ;  body  silvery- 
gray,  with  5  to  7  dark  bars,  which  are  less  distinct  in  the  adult;  base  of 
pectorals,  black.    D.  xii,  10  or  12;  A.  iii,  10  or  11. 

d.  Incisors  broad,  their  breadth  about  half  their  length.     Scales,  1-4SA5. 

Probatocephalus,  122. 

dd.  Incisors  narrower,  their  breadth  2\  in  their  length.    Scales,  7-44-14. 

Arizs,  123. 


119.  ARCHOSARaUS  UNIMACULATUS.  (Salema.) 

Salema  Marcgrave,  Hist.  Pise.  Brasil.,  153, 1648  (Brazil). 

Bf^eam  Brown, ''  Jamaica,  446,  No.  1,''  1756. 

Perca  unimacttlata  Bloch,  pi.  308, 1792  (Brazil),  (on  a  figure  by  Prince  Manriee). 

Grammistea  unimaculatuBf  Bloch  <&  Schneider,  Syst.  Ichth.,  184, 1801  (after  Bloch). 

Sargua  unimaculatus,  Cuv.  &  Val.,  Hist  Nat.  Poiss.,  vi,  62, 1830  (Rio  Janeiro,  Martin- 
ique) ;  Storer,  Syn.  Fish.  N.  A.,  334, 1845  (copied) ;  GUnther,  Cat.  Fish  Brit. 
Mus.,  1, 446, 1859(Bahia,  Rio  Janeiro,  Guatemala,  Puerto  Cabello,  Jamaica); 
Ganther,  Fishes  Cent.  America,  386, 1866  (Belize). 

Diplodua  unitnaculatua  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1884, 128  (Key  West); Bean, 
Proc.U.  8.  N.  M.  1884, 158 ;  Jordan.Cat.  Fish.  N.  A.,  91,  No.  1065, 1885;  Jordan, 
Proc.  U.  S.  N.  M.  1886;  43  (Havana) ;  Eigenmann  &  Hughes,  1.  c,  1887,69. 

Sparuaaalin  Lac<^p^de,  Hist.  Nat.  Poiss.,  iv,  136, 1803  (based  on  unimaculatuaoi Blocb). 

Sargua  humeri'maculatua  Quoy  &,  Gaimard,  Voyage  Freycinet,  Zool.,  297,1825  (Kio 
Janeiro). 

Sargua  flavolineatua  Cuv.  6c  Val.,  Hist.  Nat.  Poiss.,  vi,  60,  1830  (Cuba;  Storer,  Sp> 
Fish  U.  S.,  333,  1845  (copied);  GUnther,  Cat.  Fish.  Brit.  Mus.,  i,  446,  l®^ 
(copied);  Poey,  Syn.  Fish.  Cub., 310,  1868  (copied);  Poey,Enumer8tio,57j 
1875  (copied). 

Diplodua  flavolineatua,  Jordan,  Proc.  U.  S.  N.  M.  1886, 4?  (Havana). 

Sargua  cariha!ua  Poey,  Mem.  Pise.  Cub.,  ii,  197,  1860  (Cuba);  Po^,  Fauna  Pn«r*° 
Riquena,  328, 1881  (Porto  Rico). 

Diplodua  carih(eu8y  Jordan  <&  Gilbert,  Syn.  Fish.  N.  A.,  930, 1883  (copied). 

Habitat:  West  Indies;  north  to  Key  West,  south  to  Rio  Jaiieii"0' 
Etymology:  Unhnaculattuty  having  one  spot. 
The  numerous  specimens  examined  by  us  are  from  Key  West 
Havana. 
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The  8X)eciinens  examined  by  Eigeumann  and  Hughes,  now  before  us, 
differ  decidedly  in  the  proportions,  the  color,  and  the  size  of  the  teeth ; 
but  while  the  differences  of  the  extremes  are  very  marked,  the  inter- 
gradation  is  so  perfect  that  no  tangible  specific  distinctions  can  be 
made  out.  We  have  only  the  deeper  form  (fluvolineatua)  from  Key 
West,  while  we  have  both  extremes  from  Havana.  As  far  as  we  are 
able  to  judge  from  the  figures  and  the  descriptions,  the  unimaculattis  of 
Bloch  &  Schneider,  Cuv.  &  Val.,  and  Jordan  &  Gilbert,  the  carihceus 
of  Poey,  and  the  humeri-nuiculattts  Quoy  &  Gaimard  represent  the  more 
slender  form,  while  the  flavolineatus  Guv.  &  Val.  represents  the  deeper 
form.    The  differences  of  the  extreme  forms  seem  to  be  these: 


The  deeper  farm  (flavolineatus). 

Greatest -depth,  2  in  length. 
Ventral  outline  very  mach  roanded. 
Distance  from  insertion  of  first  dorsal 

spine,  obliquely  to  snout,  1^  in 

depth. 
Teeth  about  one-third  narrower  than  in 

the  more  slender  form. 
Body  more  compressed. 


The  more  slender  form  (unimaculaiue). 

Greatest  depth,  2^  in  length. 
Ventral  outline  almost  straight. 
Distance  from  insertion  of  first  dorsal 

spine,  obliquely   to   snout,   1   ip 

depth. 


120.  ARCHOSARaUS  I^OURTALESn. 

Sargua  pourtalesii  Steindachner,  Fische  Afrikas,  39,  1881  (Galapagos  Islands). 
Jrchosargus  pourtaleaiif  Jordan  &  BoUman,  Proc.  U.  S.  N.  M.  1889,  186  (Chatham 
Island  of  the  Galapagos). 

Habitat:  Galapagos  Islands. 

Etymology:  To  Louis  F.  de  Pourtalfes,  a  friend  and  associate  of 
Agassiz,  who  was  with  him  on  the  Hassler  expedition,  by  which  this 
fish  was  discovered. 

This  species  is  known  to  as  from  the  description  and  excellent  figure 
given  by  Dr.  Steindachner  and  from  a  specimen  obtained  by  the  Alba- 
tross on  Chatham  Island.    The  differences  between  pourtalesii  and.  * 
unimaculatm  are  very  slight,  and  might  be  ignored  were  it  not  for  the 
remote  and  reetricted  habitat  of  the  Pacific  form. 


121.  ARCHOSAROnS  TRIDENS. 

Sargus  trident  Poey,  Ennmeratio  Pise.  Cub.,  57, 1875  (Cuba). 
Archosargua  tridena  Eigenmanu  &.  Hughes,  1.  c.,  1887, 70  (copied). 

Habitat:  Cuba. 

Etymology:  Tre«,  three;  dens j  tooth. 

This  species  is  known  to  us  only  from  the  description  of  Prof.  Poey. 
Its  distinctive  characters  need  verification,  it  being  perhaps  an  ab- 
normal specimen  of  Ardiosargus  unitnaculatus. 


Irp 
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122.  ARCHOSARanS  PROBATOCBPHALUS. 
(Sheepahead;   Sargo  Raiada) 

Sparus  Sheepshead,  Schupf,  ^'Schriften  der  Gesellsch.  Natf.  Freande,  vui,  152/'  1*^ 
(New  York). 

Sparua  prohatocephalus  Walbanm,  Artedi,  Pise,  295, 1792  (based  on  Schopf ). 

Archo$argus  probatocephaluSf  Gill,  Cat.  Fish.  East  Coast  North  America,  27,  1973;  I  !^ 
Uhler  4&  Lugger,  Fishes  of  Maryland,  103,  1874  (Maryland);  Jordan  &  ll^ 
Gilbert,  Proc. U. S. N. M.  1878,  379  (Beaufort);  Goode  &  Bean,  Proc.U.8.  |,tti 
N.  M.  1879,  133  (Pensacola);  Jordan,  Proc.  U.  S.  N.  M.  1880,22  (St.  Johns  I^  | 
River) ;  Bean,  Proc.  U.  S.  N.  M.  1880, 95  (St.  Johns  Eiver) ;  Goode  &  Bean,  1^ 
Proc.  U.  S.  N.  M.  1885, 208 ;  Eigenmann  &  Hughes,  loc.  cit.,  1887, 68.  1^ 

Diplodua  probatocepKalua,  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1882, 278  (Pensacola)')      I 

Jordan  &  Gilbert,  Proc.U.  S.  N.  M.  1882, 605  (Charleston) ;  Jordan  &  Gill)eit,  W^ 
Syn.  Fish.  North  America,  558, 1883 ;  Bean,  Internat.  Fish.  Exhib.  London,  1^ 
57,  1883  (Matanzas  River  Inlet,  Florida);  Jordan,  Proc. U. 8. N. M.  18**'  V 
128  (Key  West) ;  Jordan  &  Swain,  Proc.  U.  S.  N.  M.  1884, 232  (Cedar  Key»V'  m 
Jordan  &  Meek,  Proc.  IJ.  S.  N.  M.  1884, 237  (Jacksonville,  Fla.) ;  Hensbf^  1 
Florida,  239, 1884  (east  and  west  coast,  Florida  Keys) ;  Jordan,  Cat.  ^^,  ^ 
N.  A.,  91,  No.  1066,  1885;  Gill,  Standard  Nat.  Hi8t.,iii,  220,  fig.  125,  1^^' 
Goode,  Hist.  Aquat.  Animals,  381,  plates  130  and  131,  1886;  Jordan,  P*^' 
U.  S.  N.  M.  1886, 27  (Beaufort,  N.  C). 

Sparus  ovioephalm  Bloch  &  Schneider,  Syst.  Ichth.,  280,  1801  (based  on  Schupr  >  *     ^ 

Sargus  otncephalua,  Gill,  Proc.  Acad. Nat. Sci. Phila.  1860,20  (name  only);  Gill^      ^* 
Fish.  East  Coast,  31, 1861  (name  only). 

SargM  ovia,  Mitchill,  Trans.  Lit.  and  Phil.  Soc.  N.  Y.,  i,  392,  plate  2,  fig.  5, 1814 
York) ;  Cuv.  &  Val,,  Hist.  Nat.  Poiss.,  vi,  53, 1830  (New  Orleans) ;  De» 
Fishes,  New  York,  89,  pi.  8,  fig.  23,  1842  (New  York);  Storer,  Syn 
Fishes  North  America,  332, 1846  (copied);  GUnther,  Cat. Fish. Brit. 
I,  447,  1859  (North  America);  Holbrook,  ''Ichth.  S.  Carolina,  54,  pla 
fig.  2,''  1860  (South  Carolina) ;  Storer,  Fishes  Mass.,  126,  plate  10,  fi 
1867  (New  Bedford). 

Habitat:  Atlantic  and  Oulf  coasts  of  the  United  States;  Gap6 
to  Florida  Keys  and'  Texas. 

Etymology:  ir/oo/9aT«v,  sheep;  xe^aAi^',  head. 

The  numerous  specimens  examined  by  us  are  chiefly  from  Flori 
The  species  is  one  of  the  most  common  and  most  valuable  of  the  f< 
fishes  of  our  Atlantic  coast. 

123.  ARCHOSAROnS  ARIES. 

Sargua  ariea  Cuv.  &  Val.,  Hist.  Nat.  Poiss.,  vi,  58,  1830  (Rio  Janeiro,  Maraoail 
GUnther,  Cat.  Fish.  Brit.  Mus.,  i,  449,  1859  (copied);  GUnther,  Fif 
Cent.  America,  386,  1864  (Belize). 

Archoaargua  prohatocephalua  ariea  Eigenmann  &,  Hughes,  1.  c,  1887, 69. 

Etymology :  Aries^  the  ram. 

This  species  is  unknown  to  us  except  through  the  published  descri-- —  -* 
tions  above  referred  to,  and  through  the  manuscript  notes  of  Dr.  J( 
dan  on  the  type  of  Guv.  &  Yal.    It  would  appear  to  be  closely  allied 
D.  probatocephalusj  distinguishable  only  by  the  slightly  narrower 
and  possibly  larger  scales.    It  is  probably  to  be  regarded  as  a  g:^ 
graphical  variety  or  southern  representative  of  the  common  sheepsl 
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xzym.  DiPLODUs. 

slodns  Rafinesqae,  Indice  d^Ittiolo^la  Siciliana,  54,  1810  (annularis), 

rgan  Cuvier,  R^gne  Animal,  1817,  ed.  1,  272  {sargus;  name  preoccupied  in  Insects). 

Type:  Sparus  annularia  Qmelin. 

Btymology:  *hitl6o<;^  double;  6dou<:j  tooth,  from  the  two  forms  of  teeth. 
The  name  Diplodus  should  of  course  supersede  SarguSj  both  from  the 
*t  that  it  is  prior  iu  date  and  because  the  latter  name  was  earlier 
ed  for  a  genus  of  insects.  The  genus  Diplodusj  as  it  is  here  under- 
>od,  differs  from  Archoaargus  chiefly  in  the  absence  of  a  procumbent 
rsal  spine.  Most  of  the  species  of  Diplodus  are  European,  as  those 
Jjogodonj  ArchosarguSj  and  Stenotamtts — the  genera  which  have  the 
[>cumbeT*t  dorsal  spine  are  American.  The  skull  in  Diplodus  resem- 
^s  that  of  ArchosarguSj  but  the  cavernous  or  honeycombed  structure 
the  interorbital  area  is  still  more  prominent. 

ANALYSIS  OF  AMERICAN  SPECIES  OF  DIPLODUS. 

Scales,  7-5G-14;  depth  in  adult,  2^  in  length;  black  bar  extending  entirely  across 
candal  jx^dnncle;  body  regularly  elliptical,  moderately  compressed;  head,  3f 
in  length ;  profile  regularly  rounded,  not  as  steep  as  in  argenteus;  eye,  If  in 
preorbital,  l^iu  snout,  4|  in  head;  mouth  large,  almost  horizontal;  maxil- 
lary, 3^  in  head ;  incisors,  i,  iuserted  obliquely ;  molars  in  three  series  above  and 
two  below;  longest  dorsal  spine,  2f  in  head;  caudal  deeply  forked;  second 
anal  spine  little  larger  than  third,  3Hn  head;  ventrals  reaching  half  way  to 
the  anal  fin;  pectorals  not  reaching  to  first  anal  spine;  steel-blue  above,  paler, 
below,  a  broad  black  border  ou  the  operculum ;  a  black  spot  on  upper  part  of 

base  of  pectoral ;  D.  xii,  14  or  15 ;  A.  iii,  13 Holbrooki,  124. 

Scales,  S-G2  to  65-16 ;  black  bar  not  extending  entirely  across  caudal  peduncle. 
Eye,  3^  in  head,  1  in  snout;  second  anal  spine,  2f  in  head;  body  much  com- 
pressed; dorsal  outline  greatly  elevated;  depth,  1}  in  length;  head,  3|^  in 
length ;  profile  almost  straight,  very  steep ;  eye  large,  1^  in  preorbital ;  meuth 
moderate,  almost  horizontal ;  maxillary,  3^  in  head ;  incisors,  },  placed  as  in 
hollMrooJci;  molars  as  in  holbrooki.  Longest  dorsal  spine,  2^  in  head;  caudal 
long,  forked ;  second  anal  spine  much  stouter  and  \  longer  than  third ;  ven- 
trals reaching  half  way  to  second  anal  ray;  pectorals  reaching  to  first  anal 
spine;  steel-blue  above,  silvery  below;  a  blackish  border  on  the  operculum; 
a  black  spot  on  the  upper  part  of  the  base  of  pectorals ;  fire  or  six  very  nar- 
row, oblique  blackish  crossbars;  D.  xii,  14 ;  A.  iii,  13;  scales,  8-62-16. 

Aroenteus,  125. 

'^.  [Eye,  4^  in  head,  1^  in  snont;  second  anal  spine,  3^  in  head;  depth,  about  2 
in  length;  incisors,  rather  broad,  implanted  obliquely;  three  series  of  molars 
above,  two  below ;  eye,  1^  in  interorbital ;  crown  of  head  convex,  a  protu- 
berance above  the  anterior  angle  of  the  orbit;  preorbital  not  entirely  covering 
maxillary;  pectoral  fin  extending  to  origin  of  anal;  ventrals  nearly  to  vent; 
silvery  or  shining  golden,  with  many  narrow  longitudinal  dusky  stripes  (8  or 
9  above  lateral  line,  15  or  16  below),  and  with  four  or  five  narrow  blackish 
crossbands,  the  first  between  the  origin  of  the  dorsal  and  the  axil;  D.  xi  or 
xu,  12  to  15;  A.  in,  13  or  14;  scales,  8-65-16.]     (GUntker) Sargus,  126. 
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124.  DIPLODUS  HOIiBROOKI. 

Sargus  holbrooki  Bean,  Forest  and  Stream,  Jane  13,  1878  (Charleston);  B«an,Proc. 

IT.  S.  N.  M.  1878,  198  (Charleston) ;  Jordan  &  Gilbert,  Proc.  U.  S.  N.  M. 

1878,  379  (Beaafort);  Bean,  Proc.  U.  S.  N.  M.  1880,  95  (Charleston,  New 

York  market). 
Diplodu8  holbrooki  Jordan  <&  Gilbert,  Proc.  U.  S.  N.  M.  1882,  605  (Charleston);  JordaD 

&  Gilbert,  Syn.  Fish.  N.  A., 559,  1883 ;  Jordan  &  Swain,  Proc.  U.S.N. M. 

1884,  232  (Cedar  Keys) ;  Jordan,  Cat.  Fish.  N.  A.,  91,  No.  1067, 1885;  Goode,      1 

Hist.  Aqnat.  Anim.,  386,  fig.  132,  1886;  Jordan,  Proc.U.  S.  N.  M.  1886,27 

(Beanfort,  N.  C.) ;  Eigenmann  &  Hughes,  1.  c,  1887,  72  (Cedar  Keys,  Pen- 

sacola,  Beaufort). 
Diplodus  caudimaeula  Jordan  &  Gilbert,  Syn.  Fish.  N.  A.,  559, 1883  (young,  not  cauii- 

macula  of  Poey). 

Habitat:  South  Atlantic  and  Gulf  coasts  of  the  United  States;  Cap® 
Hatteras  to  Cedar  Keys. 

Etymology:  Named  for  John  Edwards  Holbrook,  author  of  the  \^' 
thyology  of  South  Carolina. 

The  specimens  examined  are  from  Cedar  Keys  and  Pensacola,  F^^ 
and  from  Beaufort,  !N.  C.    This  species  has  not  yet  been  found  ia  '^ 
West  Indies,  though  it  probably  occurs  there.    It  may  be  consid^^ 
as  the  northern  representative  of  argentem^  but  is  unquestioual^^- 
different  species. 

125.  DIPLODUS  ARQENTEUS. 

Sargus  argenteus  Cuv.  &  Val.,  Hist. Nat.  Poiss.,  vi,  60,  1830  (Brazil);  Gilnther,  ^ 
Fish.  Brit.  Mus.,  I,  444, 1859(Rio  Janeiro) ;  Goode,  Bull.  U.  S.  N.  M.,  ^-^ 
(Bermudas);  Gilnther,  Shore  Fishes,  5-7,  1880  (Island  of  Ascension,  ^ 
mudas). 

Diplodus  argenteus  Eigenmann  &  Hughes,  1.  c.,  1887,  73  (New  Smyrna,  Fla.). 

Sargus  caudimaeula  Poey,  Memorias  de  Cuba,  ii,  198,  18C0  (Cuba) ;  Poey,  Syn.  t^^ 
Cub., 310,  1868  (Cuba);  Poey,  Enumeratio  Pise.  Cub.,  57,  1875  (Cuba). 

Habitat:  West  Indies,  Florida  and  the  Bermudas  to  Eio  Janeiro «- 

Etymology:  Argenteus^  silvery. 

The  specimen  examined  is  from  Kew  Smyrna,  Fla.,  where  it  "^va 
obtained  by  Mr.  William  P.  Shannon.    This  is  the  only  specimen  y^t 
recorded  from  the  United  States.    The  account  of  Sargus  argenteus 
Cuv.  &  Val.  agrees  well  with  our  specimen  from  New  Smyrna,  which  is 
certainly  the  Sargus  caudimaeula  of  Poey.    We  have  therefore  substi- 
tuted the  name  argenteus  for  the  current  name  caudimaeula.    The  typ(^ 
of  S.  argenteus  in  the  Museum  at  Paris  are  also  identified  by  Dr.  Jord<iii 
as  belonging  to  the  same  species  as  the  types  of  Sargus  caudimaeula 
which  are  in  the  National  Museum. 
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126.  DIPLODUS  SAROnS.     (Sargo.) 

•panMNo.  13;  Artedi,  Genera,  37;  No.  2,  Suoci,  Descr.,  58,  1738. 

fparui  »argui  Linna^ns,  Syst.  Nat.,  ed.  x,  278,  1758  (Mediterranean),  and  of  early 

European  authors. 
^rgu8  variegatua  Lacdp^de,  Hist.  Nat.  Poiss.,  iv,  207,  1803  (Mediterranean);  Goode, 

Bull.  U.  S.  N.M.,  v,'52,  1876  (Bermuda);  Goodc,  Cat.  Fish.  Bermuda,  Am. 

Jour.  Science  and  Art,  292,  1877  (Bermuda). 
krgus  raucus  Geoffroy  St.  Hilaire,  Descr.  do  I'Egypte,  Poiss.,  1813,  pi.  xviii,  fig.  i. 
'wgtia  rondeleti  Cuv.  &  Val.,  Hist.  Nat.  Poiss.,  vi,  14,  pi.  CXLI,  1830  ^Mediterranean), 

and  of  European  writers  generally. 
trgus  vetula  Cuv.  &  Val.,  1.  c. 

Habitat:  Coast  of  southern  Eurox)6;  Bermudas. 

Etymology :  oapyoq^  sarguH^  the  ancient  name  of  a'^pecies  of  this  genus. 

This  species  is  known  to  us  only  from  descriptions.    It  is  included 

tbe  American  fauna  on  the  record  of  Dr.  Goode  of  its  occurrence  in 

0  fiermndas. 

rile  remaining  European  species  of  the  genus  are  the  following: 

127.  DIPLODUS  VULGARIS  (Geoffroy  St.  Hilaire).  (Sargo  Seifla.)   Med- 

iterranean Sea  and  neighboring  islunda. 

128.  DIPLODUS  ANNULARIS  (Gmelin).    (Mojarra.)    Mediterranean  Sea 

and  neighboring  islands. 

129.  DIPLODUS  FASCIATUS  (Cuv.  &  Val.).    Western  Mediterranean  and 

shores  of  northwestern  Africa. 

*^i8  species  is  intermediate  between  IHplodtis  and  Charajpj  and,  accord- 
to  Steindachner,  its  existence  makes  the  latter  genus  untenable. 

XXIX.  GHARAX. 

Risso,  Europe  Mdridiomale^  in,  1826,  353  {acutiro8ii8=puntazzo)  not  Charax  of 
Gronow, -which  is  pre-Linn^an). 
Bleeker,  Systema  Percamm  Kevisuni,  1875,  284  (puntazzo;  substitute  for 
Charax,  regarded  as  preoccupied). 

Type :  Sparus  puntazzo  Gmelin. 

Etymology:  Charaxj  z^P^^j  ^^  ancient  name  given  "on  account  of 
^^row  of  teeth  which  continues  without  interruption  on  each  jaw. ^ 
This  genus  is  very  close  to  Diplodtis,  from  which  it  differs  only  in  the 
t'esence  of  a  single  row  of  very  small  molars  instead  of  two  or  more 
^1^8  of  larger  ones.  The  snout  is  slender  and  projecting,  giving  the 
>ecies  a  somewhat  peculiar  physiognomy.  The  genus  is  of  slight 
llae,  but  may  be  retained  for  the  present,  although,  as  Steindachner 
IS  already  noticed,  Diplodus  fasciatus  with  two  rows  of  small  molars 
arks  the  transition  from  Diplodus  to  Charax.  The  generic  name 
untazzo  is  unnecessary  if  the  pre-Linnaean  and  prebinomial  names  of 
ronow  (1754)  are  not  to  be  considered.  Charax  of  Gronow  is  based  on 
lecies  of  Characinidce.    A  single  species  is  known : 

130.  CHARAX  PUNTAZZO  (Gmelin).     Mediterraneau  Sea  aud  islands  of 

the  Eastern  Atlantic. 
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Subfamily  VII.— BORIDIIN^. 

XXX.  BORIDIA. 

Boiidia  Cnv.  &  Val.,  v,  154,  1830  (grossidens). 

Type:  Boridm  grossidens  Cuv.  &  Val. 

Etymology:  Unexplained;  possibly  from /9o*  and  eT^o<r. 

This  genus  is  based  on  a  single  species  once  brought  from  Brazil, 
but  not  seen  by  any  recent  collector.  It  is  certainly  very  different  from 
any  other  known  fish.  It  resembles  a  Xenichthya  with  the  teetli  of  a 
Calamus.  Bleeker  places  it  near  Hoplapagrua^  which  is  certainly  not 
its  natural  position. 

ANAJ.YSI8  OF   SPECIES  OV   BORIDIA. 

a.  Body  rather  elongate,  covered  with  moderate  scales,  wlych  are  ranged  in  seritt 
parallel  with  the  lateral  line;  month  small,  the  maxillary  reaching  front  of 
eye;  teeth  all  hlnnt  and  molar,  in  about  three  rows  in  each  jaw,  the  front  t««tli 
enlarged;  eye  rather  large ;- preorbital  very  narrow;  nostril  small,  n^r  eje; 
dorsal  fin  divided  to  base,  the  first  and  second  spines  very  short,  the  third 
longest,  about  f  head ;  soft  dorsal  and  anal  low ;  second  anal  spine  longer  and 
stronger  than  third,  but  still  short ;  caudal  well  forked ;  pectorals  quite  sbort, 
shorter  than  ventrals;  soft  fins  scaleless;  depth  about  equal  to  length  of  bead 
and  about  4  in  body;  D.  xi-i,  13;  A.  iii,  11;  color  nearly  plain,  scales  dotted 
with  black.    (Cw.  ^  Val,) .' Grossideks,  131. 

131.  BORIDIA  OROSSIDENS. 

B<nidia  groaaidens  Cuv.  <&  Val.,  v,  154,  pi.  114,  1830  (Brazil). 

Habitat:  Coast  of  Brazil. 
Etymology:  OrossiiSj  thick;  d^ns,  tooth. 

This  species  is  known  from  Cuvier^s  description  of  a  single  indi* 
vidual,  14  inches  long,  brought  from  Brazil  by  De'Lalande. 

Subfamily  VIII.— M^NIN^. 

XXXI.  MiEITA. 

MsBnafl  Klein,  1749  (nonbinomial). 

MsBna  Cnvier,  R^gne  Animal,  ed.  ii,  1828  (mcena), 

MeonsL,  Bleeker,  Systema  Percarum  Revisum,  1875,  273  (mttna), 

Typ^  •  Sparus  vuena  Gmelin. 

Etymology :  ftacvit;,  an  old  name  of  some  small  fish. 

This  genus  is  very  closely  related  to  the  next,  with  which  it  is  united 
by  Dr.  Bleeker,  the  chief  difference  being  in  the  presence  of  rudi- 
mentary vomerine  teeth  in  Mcena,    Two  species  are  commonly  recog- 
nized, besides  two  doubtful  ones,  Mcena  vomerina  Guv.  &  Val.  and  M(gM 
usculum  Guy.  &  Yal.    All  belong  to  the  Mediterranean  founa. 

132.  M^UNTA  MJEOXA  (Gmelin). 
133.  MSN  A  ZEBRA  CBt\&im\<^\iV 
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XZXn.  SPICABA. 

Esicara  Rafinesqae,  Caratteri^  etc.,  1810,  51  {flexuosa  =  amarU). 
maria  Cuvier,  R^gne  Animal,  ed.  i,  1817,  269  {snMris). 

Type:  Spicaraflexuosa—Sparus  smarts  Jj. 

Etymology:  Spicara^  a  local  name,  probably  from  spicaj  a  spike. 

This  genus  is  chiefly  confined  to  the  Mediterranean  and  neighboring 
waters.  The  name  Spicara  has  priority  ovw  the  commonJy  used  name 
Smarts. 

Two  species  are  now  recognized  on  the  Eurox)ean  coasts.    These  are: 

134.  SPICARA  SMARIS  (Linna^os).     (Picarel.) 

135.  SPICARA  ALCBDO  (Risso). 

Besides  these,  a  single  specias  has  been*  doubtfully  recorded  from  the 
Vest  Indies— iS^ptcara  martinica. 


XXXm.  GENTRACAHTHUS. 

'entracantufl  (by  misprint)  Rafinesque,  Caratteri,  etc.,  1820;  42  (cirrus  =  inaidiator). 

Type :  Centracanthiis  cirrus  Bafinesque=  Smaris  insidiator  Cuv.  &  Val. 

Etymology:  xivrpw,  point;  axavdaj  spine. 

This  genus  contains  one  sx)ecies  found  in  the  Mediterranean  fauna 
kiid  another  in  the  Indian  seas.  The  European  species  has  been  usually 
eferred  to  Spicara  (Smaris)y  but  the  form  of  its  dorsal  and  various 
ainor  characters  sufficiently  distinguish  it.  Its  specific  name  cirrtis 
a  derived  from  a  Sicilian  name,  "  cirru,^^ 

136.  CENTRACAJITUnS  CIRRUS  Rafiuesque.     Coasts  of  southern 
Europe. 

'analysis  of   supposed   AMERICAK  SPECIES  OF   SPICARA. 

0.  [AlHed  to  Spioara  smaris,  but  with  the  body  rounded,  compressed,  the  suborbital 
narrower  and  more  notched.  Color  apparently  plain,  a  small  black  spot 
on  the  side;  D.  xii,  11;  A.  iii,  9.]     (Cuv,  f  Val.) Mabtinica. 

8PICARA  mabtinica; 

ftiarit  marHnieus  Cav.  Sc  Val.,  vi,  1830,  424  (Martinique). 

Habitat :  West  Indian  <fauua. 

Etymology :  From  Martinique. 

The  type  of  this  species,  4  inches  long,  is  reputed  to  have  been  sent  to  Paris  from 

I^,  in  Martinique.    Very  likely  it  is  the  conunon  European  picarel,  Spicara  smaris, 

id  it  may  have  come  from  the  coasts  of  France.    Errors  of  locality  are  common  in 

oaeomB,  and  the  **  Cabinet  du  Boi''  has  not  been  exempt  firom  them. 
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XXZIV.  EBTTHBICHTHTS. 

Erythrichthys  Temminok  &,  Schlegel,  Faana  Japonica,  Poiss.,  117, 1840-50  (tdkfe^eli). 
Emmeliohthys  Richardson,  Voyage  Erebas  and  Terror,  Fishes,  47,  1846  {niiidut). 
Boxaodon  Guioheiiot,  in  Gay,  Hist.  Chili,  u,  208,  1847  {ojfanescens). 
Diptexygonotua  Bleeker,  Contr.  Ichth.  Celebes,  1848  (leucogrammicus), 
Inermia  Poey,  Memorias,  ii,  1860,  193  {vittata.) 

Type:  Erythrichthya schlegeli  Gunther. 

Etymology:  ipoOpo^j  red;  t>^wf,  fish;  true  only  of  the  typical  species. 

This  genus  contains  about  five  species,  bright-colored  fishes,  inhabit- 
ing rather  deep  water.  The  species  are  not  well  known,  and  each  one 
of  them  has  been  made  the  type  of  a  distinct  genus  by  wiiters  who 
have  failed  to  detect  their  association  with  each  other.  None  of  the 
species  have  been  studied  by  us. 

ANALYSIS   OF  AMERICAN   SPECIES   OF  SRTTUKICHTUYS. 

a.  [Color  greenish,  with  a  broad  band  of  yellowish  green  from  the  eye  to  the  tail; 
three  narrower  streaks  of  darker  green  on  the  back ;  snout  yellowish,  dorub 
paTe  yellow ;  candal  violet,  its  upper  and  lower  edge  white;  pectoral  rose;  lover 
fins  pale.  Body  fusiform,  oval  in  section;  maxillary  reaching  beyond  eye;  no 
teeth  in  Jaws;  preopcrele  with  soft  teeth  at  the  angle;  nostril  small;  no  pores  on 
lower  jaw;  dorsal  fins  separate;  pectorals  short;  fins  low,  with  slender  spines; 
caudal  deeply  forked;  D.xiv,  10;  A.  ill,  9;  scales,  100.]     (Poey.)    VnTATU8,137. 

aa,  [Uniform  bluish  green;  D.  xiu-10;  A.  iii,  12].    {Gunther  from  Guiekatot) 

CYANK6C£NS,  138t 

137.  BR7TH7RICHTH7S  VITTATUS.     (Boga.) 

Inermia  vittala  Poey,  Meniorias,  ii,  193,  1860  (Havana). 
Emmelichthys  vittatua  Poey,  Synopsis,  320,  1868. 
Erythrichthya  vittatua  Poey,  Enumeratio,  49,  1875. 

Habitat :  Coasts  of  Cuba. 

Etymology:  VitiatuSj  striped. 

This  little  lish  reaches  a  length  of  about  8  inches.  Accoi-ding  to 
Poey  it  is  generally  rare  on  the  Cuban  coast,  occasionally  appearing 
in  great  numbers. 

138.  BR7THRICHTH7S  C7ANESCENS. 

Boxaodon  cyaneacena  Guichenot,  in  Gay,  Hist.  Chili,  209,  Atlas,  lam.  5,  f.  1, 1847. 
Erytkriohikya  cyaneacena  GUnther,  I,  395  (copied). 

Habitat :  Coast  of  Chile. 

Etymology:  CyaneacenSy  lAvdsh. 

This  species  is  known  only  fix)m  the  scanty  and  incorrect  account 
given  by  Guichenot.  We  have  not  seen  the  original  account,  and  copy 
our  diagnosis  from  Giinther. 
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Subfamity  IX.— SCATHARINA. 

Cay.  &  Yal.,  vi^  346,  1830  (boops). 

Type:  Sgdrus  hoopn  L. 

Etymology:  p6^^  boxy  an  old  name  of  the  tjrpical  species,  still  called 
Bogne  or  Boga  in  southern  Europe. 

This  genus  contains  one  very  well  known  species  aoundant  in  the 
seas  of  southern  Europe.  It  has  been  commonly  referred  to  the  same 
genus  as  the  next  species,  but  the  elongate  form  of  the  body,  the  much 
larger  eye,  and  esx)ecially  the  presence  of  14  or  15  dorsal  spines  instead 
of  11,  seem  sufficient  for^its  genwic  separation.  The  name  Box  has  been 
almost  universally  used  for  both  species,  but  that  of  Boaps  is  older,  and 
must  take  its  place,  as  Blocker  has  shown,  if  the  two  are  placed  in  one 
£^ug.  Under  ^^oops^  B.  saipai^  the  first  species  mentioned  by  Cuvier, 
and  Bleeker  has  made  this  the  type  of  the  genus  Boops.  It  is  evident 
however,  that  B.  boaps  was  regarded  by  Guvier  &  Valenciennes  as  the 
type  of  Box.  This  fact  may  justify  us  in  retaining  both  names,  Boops 
and  Boxj  rather  than  to  invent  a  new  generic  or  subgeneric  name  for 
Box  boops. 

139.  BOX  BOOPS  (L.). 

Besides  the  well  known  Box  boopsj  another  species^  of  Box  has  been 
erroneoiBriy  aoeredftod  to  the  West  Indies.  The  type  of  Box  earabaiea* 
came,  however,  from  St.  Vincent  of  the  €ape  Verde  group  and  not 
from  the  West  Indian  island  of  the  same  name. 

XZXVL  BOOPS. 

Gyodow,  Zoophyl.y  1768  {Bolpa)  (non-binomial). 
Cnyier,  B^gne  Anioul,  ed.  1^  1817,  270  {Balpay  melamumu^  hoapB;  rastrioted 

by  Bloekor,  Systema  Peccaarma  Reviamn,  to  Boo^s  aaJ^,  thefixst  ^aoiaa 

mentioned  by  Cavier). 
Ilia  GronoWy  Syst.  Ed.  Gray,  1S54,  55  {jonia8  =  aalpa;  not  Cynadua  SwainaoSr 

1839  =  Crenilahrus), 

T3rpe:  Bparus  salpa  L. 

Etymplogy :  Bprntpy  boops^  large-eyed,  a  name  applied  by  BondeJet  to 
Box  boops.    It  is  probably  an  error  for  fi6^. 

This  genus  as  here  understood  contaiiis  pne  common  Euroi)ean 
species. 

140.  BOOPS  SALPA  (L.).     Medlt^rcanean  Sea  and  neighboring  islands. 

'Box  vulgarU  var.  carahaiea  GUnther,  i,  ild,  1859  (St.  Vincent). 

This  speeies  is  said  to  differ  from  Box  hoops  in  the  slightly  amaller  scales,  and  hf 
the  presence  of  15  dorsal  spines  instead  of  14.  As  already  noted  (Paropmitpoma 
viridefMt)  there  is  an  island  called  St.  Vincent  in  the  Cape  Verde  Archipelago  as  well 
as  in  the  West  Indies.  There  is  no  doabt,  as  already  shown,  that  the  type  of  Box 
omrtiMoa  eame  from  the  other  St.  Vincent,  and  it  is  doubtless  identical  with  the 
common  Boga  of  Europe. 

Jtt.  Mis,  113 34 
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XXZVn.  OBLADA. 

Oblada  Cuvier,  R^gne  Animal,  ed.  2, 1S29  {melanura). 
Oblata  Cay.  <&  Val.,  vi,  1830,  366  (melanura). 

Type:  Sparus  melanurus  L. 

Etymology:  From  Oblado  or  BUtde^  the  common  name  of  OUoda 
melanura  at  Marseilles. 

This  genus  contains  a  single  species  common  in  the  Mediterranean. 
We  here  restore  the  older  orthography  of  the  name. 

141.  OBL^DA   MBLuflLNURA  (L.).    MediterTanean  Sea  and  neighbonag 

waters. 

XXZVm.  SCATHABUS. 

SoathaniB  Cnv.  &  Yah,  Yi,  375, 1830  (ffngeus). 

Type:  Scatharus  grcecua  Ouv.  &  VaL 

Etymology :  aaxdOapof:  or  axdeapo^^  a  name  now  used  by  the  Greeks  for 
Scatharus  grcecus  and  Spondyliosoma  cantharus. 
This  genus  contains  a  single  species,  abundant  on  the  coasts  of  Oreece. 

142.  SCATHARUS  QILSCITS  Cnv.  &  Yal.    Eastern  Meditexranean. 

XXZIZ.  SPOHSTIIOSOMA. 

Canthams  Cnvier,  B^gne  Animal,  ed.  1, 1817|  278  (eaniharus;  name  preoecnpie^  ^ 

MoUusks  and  in  Polypi). 
SpondylioBoma  Cantor,  Catal.  Malayan  Fishes,  1850,  60  (oamihanu :  aabstitnte     ^^ 

CantharuSf  preoccupied). 

Type:  Spartut  ca/ntharua  QmeUn. 
Etymology:  <nrov^y>l«ov,  spindle;  ^5^^ ^  body. 

This  genus  contains  some  half  a  dozen  old-world  specieRj  well  d^^^' 
acterized  by  the  presence  of  a  band  of  lanceolate  teeth  in  each  jaw. 
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is  remarkable  that  the  generic  name  Cantharus^  although  twice  pi^ 
cupied,  should  have  been  almost  universally  used  for  this  group^  ^^^^^^^^^^ 
Cantor's  substitute  name  of  Spondyliosoma  has  been  entirely  overlook-^  -^ 
The  recognized  species  of  Spondyliosoma  in  European  waters  are: 

143.  8POND7LIOBOMA    CANTHARUB   (Gmelin).     Southern   Ear^""^^ 

north  to  England. 

144.  SPONDYLIOSOMA  ORBICXTLARE  (Cnv.  <&  Yal.).    Heditezrani 

Sea. 

SubfamUy  X.— GIRELLIN^. 
XL.  OISELLA. 

Glrella  Gray,  lUnstrations  of  Indian  Zo51ogy,  about  1840  (punetata). 

Melaniohthys  Temminck  &  Schlegel,  Fauna  Japonica,  PoissonSi  75, 1950(pumeUUf^^^)' 

Camarina  Ayres,  Proc.  Cal.  Acad.  Nat.  Soi.  I860,  81  (nigrioafu). 

Type:  Oirella punctata  Grekj. 

Etymology:  From  the  French  '^  GirellCy^  which  is  a  derlYotiva     ^ 
JuUSy  and  is  applied  to  the  smaller  labroids. 
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is  genus  contains  several  species  found  in  the  western  Pacific 
%  single  species  characteristic  of  the  rocky  shores  of  California, 
are  herbivorous  fishes,  feeding  on  seaweeds. 

ANALYSIS  OF  AMERICAK  SPECIES  OF  GIREIXA. 

ly  OTal,  compreeaedi  with  very  deep  caadal  peduncle ;  snout  thick,  its  profile 
enly  rounded;  month  small,  subinferior,  the  maxillary  reaching  nearly  to 
mt  of  orbit;  a  minute  patch  of  palatine  teeth;  each  jaw  with  a  series  of  flat, 
icuspid,  movable  incisors,  behind  which  is  a  broad  band  of  smaller  ones ;  no 
eth  on  vomer  or  tongue ;  cheeks  with  very  small  scales ;  opercles  and  top  of 
ad  naked;  preoperole  minutely  serrulate  at  its  angle;  preorbital  as  broad 

eye.  Gill-rakers  nomerous,  rather  long.  Scales  firm,  weakly  ctenoid,  those 
.  thorax  and  front  of  back  smaUer.    Dorsal  spines  lower  than  soft  rays,  with 

imperfect  sheath  of  scales  at  their  base ;  anal  spines  small,  graduated,  the 
ft  rays  higher  than  those  of  the  dorsal ;  caudal  lunate ;  pectorals  short  and 
oad,  not  reaching  vent;  ventrals  short.  Air  bladder  with  two  posterior 
ms;  intestinal  canal  very  long;  pyloric  cceca  numerous;  peritoneum  black. 
>lor  dusky  green,  paler  below;  young  with  a  large  yellowish  blotch  on  each 
le  of  dorsal.    Head,  4  in  length;  depth,  2^;  D.  xiv,  14;  A.  ui,  12.    Scales,  50. 

Nigricans,  145. 

145.  aiRXIIiLA  NiaRICANS.    (Bluefish.) 

9na  nigrioafu  Ayres,  Proc.  Cal.  Acad.  Nat.  Sci.  1861,  81,  f.  22  (California). 

;  nigrioana,  Gill,  Proo.  Acad.  Nat.  Sci.  Phila.  1862,  244;  Jordan  &  Gilbert,  Proc. 
U.  8.  N.  M.  1880,  27  (San  Diego) ;  .Jordan  &  Gilbert,  Proc.  U.  S.  N.  M.  1880, 
456  (Monterey  Bay,  Santa  Barbara,  San  Pedro,  San  Diego);  Jordan  & 
Joay,Proc.  U.  8.  N.  M.  1881, 12  (Wilmington,  Cal.,  Santa  Barbara) ;  Jordan 
A  Gilbert,  Proc.  U.  S.  N.  M.  1881,  47  (Monterey,  Santa  Barbara) ;  Jordan 
&  Gilbert,  Proc.  U.  S.  N.  M.  1882,  363  (Cape  San  Lucas) ;  Jordan  &  Gilbert, 
Syn.  Fish.  K.  A.,  1883,  560;  Bosa  Smith,  Proc.  U.  S.  N.  M.  1883, 234  (Todos 
Santos  Bay) ;  Rosa  Smith,  Proo.  U.  S.  N.  M.  1884,  553  (San  Cristobal) ; 
Jordan,  Fish.  Indus.  U.  S.,  i,  394, 1884  (Monterey,  Santa  Barbara) ;  Jordan, 
Proc.  U.  S.  K.  M.  1885^  380  (Cape  San  Lucas) ;  Jordan,  Fish.  Indus.  U.  S., 
n,  596, 1887  (Santa  Catalina);  Evermann  &  Jenkins,  Proc.  U.  S.  K.  M. 
1891, 154  (Guaymas). 

i  d4fr9atMcula  Gill,  Proc.  Acad.  Nat.  Sci.  Phila.  1862,  244  (Cape  San  Lucas) ;  Jor- 
dan  <&  GUbert,  Proc.  U.  S.  N.  M.  1882,  363. 

bitat:  Pacific  coast  from  Monterey  to  the  Gulf  of  California, 
rmology:  NigricanSj  hls^ikish. 

B  fish  is  very  common  on  the  coast  of  southern  Gahfomiay  reach- 
le  length  of  about  a  foot.    It  is  a  food-fish  of  fair  quality. 

XLL  DOYSIZODOH. 

Ixodon  Valenciennes,  Voyage  de  la  Venus,  v,  318, 1855  (freminvillM). 

ye:  IhydixodonfreminvilleiYalenciemieB. 
nnology:  JDay^  meaning  unexplained;  di^oo<:y  forked;  ddtov^  tooth. 
is  genus  contains  two  species,  both  as  yet  imperfectly  described, 
certainly  closely  allied  to  Oirella  and  may  prove  to  be  inseparable 
that  genus,    lie  only  important  diflFerence  would  seem  to  be  in 
DdaUer  spinous  dorsal  of  Doydixodon. 
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ANALYSIS  OF  SPBOIXS  OF  DOTDDLODOW. 

a.  [Color,  uniform  dark  gr^en,  or  banded  with  darker;  D.  xii,  15;  A.  lu,  12.    Scales 
about  60.    Form,  squataiation,  and  dentition  of  Girella  nigricans.'}   (  ValenaenMO.} 

Freminyillei,  146. 
aa,  [Color,  uniform  dark  brown.    D.  xiii,  18 ;  A.  iii,  12.] L^vifroks,  147. 

146.  D07DIX0D0N  FRI;MINVILX«BL 

Doydixodon  freminvillei  Yalenoiennes,  Voyage  Venus,  323,  pi.  5  (Galapagos  Isbuds)* 
Doydixodon  faaoiatumKneT  & Steind.,  Sitzb.  Akad.  Wien,  ijv,358,  f.  2  (Iquique, Fera)' 

Habitat:  Galapagos  Islands,  and  coast  of  Peru. 

Etymology:  B'amed  for  Preminville,  an  early  French  naturalist  ant 
explorer. 

This  8i>ecies  is  known  to  us  only  from  the  poor  figure  of  Valenciennes^^^ 
which  closely  resembles  €HreUa  lUgrietmSy  but  the  number  of  Aixei^^^ 
spines  is  smaUer. 

147.  D07DIX0D0N  JiXVIFROVB, 

PimeltpteruB  Unnfrons  Tschudi,  Fauna  Peruana,  1844,  18  (Hnacho,  Peru). 

Habitat:  Coast  of  Peru. 

Etymology:  LcBvi^,  smooth;  firons^  forehead. 

This  imperfectly  known  species  is  probably  to  be  referred  to  Doydixo- 
don. It  is  probably  close  to  D.  freminvilleiy  but  if  correctly  described 
it  cannot  be  the  same.    The  following  is  Tschudi's  description: 

PIHELEPTEBUS  UETIFBONS  Tsch. 

D.  xm,  18.    V.  1,  6;  A.  tii,  12.    P.  16. 

VerhSltniss  der  H5be  Kur  LSnge  1 : 2, 8,  des  Kopfes  zmn  K5rper  1 :3.  Ange  kreisinnd, 
nfthe  am  oonyexen  obem  Stimrand  *,  1, 6  seines  Darolunessers  Tom  Vbrdeokelrande  und 
aweimal  sein  Durcbmesser  vom  UnterkiefemiBde.    Naaeitloclier  sefar  nah6  am  Auge. 

Maul  klein,  nicht  ganz  bis  unter  das  Ange  gespalten.  Zahne  des  Ober-  und  Unter- 
kiefers  in  zwei  hechelformigen  Massen  zusaomiengedrilngt;  did  eina^Hen  Zahne 
krieht  nach  hinten  gebogen. 

Die  Terticale  Deckelrand  schwaoh  naoh  hinten  geschweift,  der  horiaozitale  leicht 
nach  unten  gebogen ;  der  Winkel  abgerondet. 

Der  Vordeckeldom  stumpf ;  nach  dem  obem  Winkel  zu  ist  der  Vordeokelrand 
ausgeschnitten.  Stim  nnbeschuppt,  Naoken,  Deckel  und  Brust  so  wie  die  Basis  der 
Flossen  mit  kleinen,  der  tlbrige  Rorper  mit  grossen  Schuppen  besetzt.  l)ie  l^itonllnie 
verlauft  d«m  Rtlokenprofil  paraUel,  beinafae  in  der  Mitte  dee  Kfirpers. 

Die  RUckenflosse  beginnt  der  Bauchflosse  gegeniiber  und  endet  nach  hinten  so  vreit 
wie  die  Afterflosse.  Die  Stacheln  sind  beinahe  gleiohlang  und  ziemlich  kurz,  der  13te 
der  langste,  die  ersten  Flossenstrahlen  noch  einmal  so  lang  als  dieaer.  Schwanz- 
flosse  gerade  abgeschnitten.  Die  Afterflosse  beginnt  dem  ersten  RQckenflossenstrahle 
gegenQber;  die  drei  Stacheln  sind  kurz;  der  erste  der  spitzigste  unci  langste.  Die 
Bauchflosse  beginnt  hinter  der  Brustflosse  und  reicht  nicht  ganz  bis  zur  AAetfloAse; 
ihr  Flossenstachei  ist  ziemlich  lang.  Die  Brustflosse  sitzt  am  weitesten  nach  Ton 
und  endet  dem  8ten  ROokenfiossenstaehel  gegeniiber. 

FSrlmng. — ^Auf  dem  ganzen  Korper  brann-grau;  der  Kopf,  besonders  auf  der  Stimi 
oliyenbraun,  die  Seiten  mehr  in's  Graue  Ubergehend,  der  Bauch  weisslich  brann. 
LUnge  9''. 

Forkommcn, — Bei  Huacho,  nordlich  yon  Lima,  .        ..., 
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Subfamily  XI.— KYPHOSIN/B. 
YT^TT  HEKKOSnUL 

aannooma  Jeiikiiu  <&  Eyermann,  Pioc.  U.  S.  N.  M.  1888,  144  {azurea). 

Type:  Hermosilla  azurea  Jenkins  &  Evermann. 

Etymology:  RermoHlla,  name  of  the  capital  city  of  Sonora,  along  the 
csoasts  of  which  state  the  typical  species  was  taken,  derived  from 
Spanish  hermosa,  beantifal  (Lsktinyformosa). 

This  genas  contains  a  single  species,  an  ally  of  Kypho^ua,  found  in 
tiie  Gulf  of  California. 

AN4XTSIS  OV  BPBCIXa  OF  HXBM OSILLA. 

tfS.  Top  of  head  firom  posterior  margin  of  eyes,  snout,  preorbitals,  ohin,  and  preoper- 
des  naked.  Body  ovate,  compressed;  head  short;  snoat  blunt,  3  in  head;  max- 
illary about  equal  to  eye,  which  is  3|  in  head,  and  reaching  front  of  eye;  both 
jaws  with  one  series  of  close-set,  equal,  narrow,  rounded  incisors ;  no  teeth  on 
vomer;  gill-rakers  slender.  3-f-12,  about  equal  to  eye;  preorbital  1^  in  eye; 
preopercle  entire;  fins  except  spinous  dorsal  finely  scaled;  seventh  dorsal  spine 
longest;  second  anal  spine  longest,  1^  diameter  of  eye;  pectorals  shorter  than 
Tentrals,  1^  in  head;  spinous  dorsal  about  half  longer  than  soft.  Head,  3}; 
depth,  2;  D.  xi,  11;  A.  ni,  10.  Scales,  11-55-17.  Color,  dark  steel-blue,  paler 
below ;  body  with  about  12  nearly  vertical  blackish  crossbands  about  as  wide 
as  the  eye;  below  eye  silvery,  with  a  dark  streak  from  maxillary  to  angle  of 
opercle;  opercular  blotch  black;  a  black  blotch  in  the  axil;  fins  mostly  dark. 

AzuRXA,  148. 

14a  QBRMOSniZtA  AZUKBA, 

-^fermoHUa  (uurea  Jenkins  Sl  Evermann,  Proo.  (J.  S.  N.  M.  1888, 144  (Goaymaa). 

HatMit^t:  Onlf  of  California. 
Etymology:  Azureu8y  sky-blue. 

This  beautiful  species  is  known  from  two  examples,  taken  by  Jenkins 
^  Eyermann  at  Quaymas,  in  Sonora. 

XLm.  KTPH06VS. 

^ypboWBLac^pMe,  Hist.  Nat.  Poiss.,  m,  114,  1802  (biffiNm*  =fuaeu9). 

tHmeleptems  Lac^pMe,  Hist.  Nat.  Poias.,  iv,  429,  1803  (fio$qui  =  9«3iatrisf). 

lOorsaariaa  Lao^p^de,  Hist.  Nat.  Poiss.,  v,  482,  1808  (nigr^QeM=zf»»cua), 
Xyster  loM^^de,  Hist.  Nat.  Poiss.,  v,  484, 1803  (fuacut), 
70piatliiatiaa  Gill.  Proo.  Acad.  Nat.  8ci.  Phiht.  1862,  245,  iiahn^). 
9ectator  Jor,daD  &  Fesler,  subgen.  nov.  (ocifuru$). 

Type:  Kfpkotug  higibbus  Lac^pMe. 

Etymology:  xv^c^c,  a  homp^  the  word  more  eoRteotLy  written  cgphtut, 
and  referring  to  a  deformed  specimen  with  hump  back. 

This  genus  c<mtains  some  ten  spedes,  all  but  one  oopfined  to  the 
Pacific  Ocean,  and  most  of  them  found  in  the  East  Indies.  One  of  fche 
qpiecies,  OpiathisUua  tahmelf  usuidly  referred  to  this  group,  is  probably 
^  type  of  a  distinct  g^us^  distinguished  by  its  elevated  soft  dorsid 
and  anal. 
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ANALYSIS  OF  AMSSICAK  SPECIES  OF  KTPHOSUS. 

a.  Soft  dorsal  and  anal  moderately  elevated. 
6.  Incisor  teeth  well  developed,  each  with  a  conspicnous  horizontal  piooes^  ^ 
root;  caudal  fin  moderate,  about  as  long  as  the  head,  the  onter  rays  ^^^* 
3  times  as  long  as  middle  rays;  junction  of  gill-membranes  formin^^'  ^ 
angle  (Kyphosus), 
0.  Soft  dorsal  with  14  rays ;  anal  with  14 ;  teeth  25  to  30;  color  bluish,  sides 
about  12  dark  longitudinal  streaks ;  longest  spine  about  2^  in  head;  D. 
14;  A.  in,  14. 
d.  Soft  part  of  anal  fin  low,  its  longest  ray  4  in  base  of  fin  and  4  in  head ; 

smaller,  about  85;  depth  more  than  half  length;  eye  nearly  4  in  h< 

AXtAJJOQVBf 

dd.  Soft  part  of  anal  fin  somewhat  elevated  in  front,  its  longest  ray  2^^  in  h( 
2i  in  base  of  fin ;  scales  12-70-22 ;  depth  2  in  length ;  eye  3^  in  head ;  snc 

very  blunt Eleoans,  L 

00.  Soft  dorsal  with  11  or  12  rays;  anal  rays  iii,  11;  teeth  35  to  40;  color  gray— 
or  yellowish,  with  darker  lengthwise  streaks. 
0.  Scales  10-55-16;  soft  dorsal  and  anal  fin  moderate,  the  longest  ray  of  i 

about  2^  in  head;  longest  anal  spine 2^ in  head.  Body  ovate,  compresu ■i^^<t 
its  depth  2i  in  length;  head,  3|.  D.  xi,  12;  A.  ni,  11.  Color  dusky,  w: — ^^ 
about  25  pale  streaks  following  the  rows  of  scales,  those  near  middle —      ®^ 

body  broadest;  a  silver  streak  along  preorbital Sbctatrix^  U^^^ 

60.  Scales  12-67-22 ;  anal  fin  high  in  front,  its  longest  soft  ray  about  1}  ^ 

head;  longest  anal  spine  about  2  in  head;  depth  of  body  2i  in  len|^U     ^> 

head,  3f ;  D.  xi,  11;  A.  ui,  11 Lxttsscenb,  1^^?* 

&&.  Incisor  teeth  small,  with  inconspicuous  roots;  caudal  much  longer  than 

the  lobes  falcate,  the  outer  5  times  length  of  middle  rays ;  gill-membnuL 
not  forming  an  angle  at  junction.    {Sectator  Jordan  Sl  Fesler.) 
/.  Anal  low,  its  last  ray  longest,  its  middle  rays  shorter  than  eye;  long< 
dorsal  spine  about  3^  in  head ;  scales  11-78-19 ;  color  olivaceous,  with  bli 
and  golden  spots  and  stripes;  depth,  2|;  head,  3| ;  D.  xi,  13;  A.  m,  14 

OCTUBUSy 

149.  KTPHOSUS  ANALOOUS. 

PttneZopforiM  analogtks  QUI,  Proc.  Acad.  Nat.  Sci.  Phila.  1862,245  (Cape  San  liiicas) 
Jordan  &,  Gilbert,  Proc.  U.  S.  N.  M.  1881, 232  (Porto  Escondido);  Jordan 
GUbert,  Bull.  U.  S.  F.  G.  1881, 328;  Jordan  <&  GUbert.  Bull.  U.  8.  F.  C.  1882^ 
107  (Mazatlan,  no  description) ;  Jordan  &  Gilbert,  Bull.  U.  S.  F.  C.  1882,  IIC^ 
(Panama,  no  description) ;  Jordan  &,  Gilbert,  Proo.  U.  S.  N.  M.  1882,  353^- 
363  (Cape  San  Lucas,  no  description). 

Cypho8U8  analogu$,  Jordan  &,  Gilbert,  Proc.  U.  S.  N.  M.  1882,  626  (Panama,  no  de- 
scription). 

Kypho8U8  analoguSf  Jordan,  Gat.  Fish.  N.  A.,  1885,  92  (Pacific  coast,  no  description) ; 
Jordan,  Proo.  U.  S.  N.  M.  1885,  380  (Mazatlan,  Panama,  no  description); 
Evermann  &  Jenkins,  Proc.  U.  S.  N.  M.  1891, 154  (Guaymas). 

Habitat:  Pacific  coast  of  tropical  America,  fix)m  Panama  to  Onlf  o^ 
California. 

Etymology;  Analogug^  analogous  (to  Kypho9us  sectatrix). 

This  species  is  generally  common  along  the  Pacific  coast  of  tropical 
America,  where  it  represents  the  closely  allied  K.  sectatrix.  The  spec- 
imens examined  by  us  are  from  Guaymas,  Gape  San  Lucas,  Porto  Es- 
condido, and  Mazatlan. 
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150.  KTPHOSUS  BLBOANS.    (Cbopa.) 

Upierus  eUgwM  Peters,  Berliner  Monatsberichte,  707, 1869  (Mazatlan). 
\a$us  elegans,  Eyermann  &  Jenkins,  Proc.  U.  S.  N.  M.  1891, 155  (Guaymas). 

abitat:  Oulf  of  Galifomia. 

tyinology:  Megans^  elegant. 

lis  species  is  very  closely  related  to  the  more  abundant  K.  andhgusj 

i  which  it  differs  chiefly  in  the  form  of  the  anal  fin  and  of  the  snout. 

specimens  seen  by  ns  are  the  original  type  from  Mazatlan  and  the 

imen  obtained  by  Evermann  &  Jenkins  from  Guaymas. 

151.  KTPHOSnS  8ECTATRIX. 

(Raaor-floh;  Chnb;  Breani;  Rudder-fish;  Bem&nda-chnb.) 

I  marina  wetairiXf  the  Ruddet-fish,  Catesby,  Nat.  Hist.  Car.^  1738. 

(  saltairix  LinnsBOS,  Syst.  Nat.,  ed.  x,  293, 1758  (incorrectly  copied  from  Catesby, 
who  caUed  it  aeotatrix) ;  Qoode  <&  Bean,  Proo.  U.  S.  N.  M.  1885,  201. 

^  seotatrix  Linnffius,  Syst.  Nat.,  ed.  zu,  486,  1766;  Jordan,  Proc.  U.  S.  N.  M. 
1884,  193,  198. 

MwtM  aeotatrix  Jordan,  Cat.  Fish.  N.  A.,  92,  1885  (West  Indies,  no  description) ; 
Jordan,  Proc.  U.  S.  N.  M.  1886,  28  (Beanfort,  no  description) ;  Jordan, 
Proc.  U.  S.  K.  M.  1886,  585  (West  Indies,  no  description). 

k^^ierus  bo§oi  Lao^pMe,  Hist.  Nat.  Poiss.,  iv,  429, 1803  (North  Atlantic) ;  Guy.  & 
Yal.,  Yii,  258,  pi.  187, 1831  (Charleston,  S.  C);  Valenciennes,  in  Webb  A. 
Berthelot,  Hist.  Nat.  ties  Canar.,  Poiss,  pi.  19,  1836  (Canary  Islands) ;  De 
Kay,  New  York  Fauna,  Fishes,  100,  pi.  xx,  f.  56, 1842  (New  York,  copied 
from  Cnyier) ;  Storer,  Syn.  Fishes  N.  A.,  88,  1845  (copied  from  Cnvier) ; 
Giinther,  i,  497, 1859  (Jamaica,  Cnba,  Madeiras) ;  Poey,  Syn.  Pise.  Cubens., 
323, 1868;  Baird,  Rep't  Conmi.  Fish  and  Fisheries,  824,  1873  (Woods  HoU, 
no  desoription) ;  Bleeker,  Syst.  Percamm,  ii,  6, 1875;  Goode,  Fishes  of  the 
Bermndas^  52, 1875;  Jordan  <&  Gilbert,  Proc.  U.  S.  N.  M.  1878,  378  (Beau- 
fort); Goode,  Proc.  U.  S.  N.  M.  1879,  113  (east  coast  Florida);  Bean, 
Proc.  U.  S.  N.  M.  1880,  94  (Bermuda,  no  description);  Goode  &  Bean, 
Proc.  U.  S.  N.  M.  1882,  238  (Gulf  of  Mexico,  no  description) ;  Jordan  dt 
Gilbert,  Syn.  Fish.  N.  A.,  561,  1883. 

99US  hosci  Goode,  Fish  Indust.  £xh.  1884,  394  (Gulf  of  Mexico). 

»MM  hoBqui  Jordan,  Proc.  U.  S.  N.  M.  1884,  128  (Key  West). 

leptenu  obUmgior  Cnv.  &  Yal.,  vn,  264,  1831  (locality  unknown). 

l^ter%$  incisor  Cut.  &,  Yal.,  vn,  266,  1831  (Brazil) ;  Yalenciennes  in  Webb  & 
Berthelot,^8t.  Poiss.,  Canaries,  47, 1838  (Canaries). 

'spteruM  flavoUneatus  Poey,  Repertorio,  i,  819, 1866;  Poey,  Syn.  Pise.  Cubens  324, 
1868. 

^^ienuhoaoiYAT.  Hoala  Doderlein,  Bull.  Soc.  Sol.  Nat.  (Palermo). 

Eibitat:  Atlantic  coast  of  the  United  States  from  Gape  God,  cross- 
;he  ocean  to  the  Ganary  Islands;  accidental  in  the  Mediterranean, 
ymology :  SectatoTj  one  that  follows.  According  to  Gatesby,  the 
ies  follows  shix>s,  hence  the  name  of  ^^Eadder-fish." 
ds  species  is  not  rare  off  oar  Atlantic  coasts,  becoming  rather  com- 
soathward.  The  specimens  before  us  are  from  Key  West.  It  has 
.  once  taken  at  Palermo,  where  it  has  been  named  var.  «iottla. 
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XS2.  KTPHOcrcrs  XiUTBScmns. 

PimeUptenis  hOeieens  JmrduB,  Proc.  tJ.  8.  K.  M.  1881,  399  (BnMiwite  Bay, 

folazkd) ;  JoYdan,  Bull.  U.  g.  F.  0. 1881,  328. 
KjfphomB  lutescena  Jordan,  Proc.  U.  S.  N.  M.  1885, 380  (Socono  Island,  no  dettcriptio: 

Habitat:  Bevillagigedo  Archipelago. 
Etymology:  Luie$dm$,  growing  yeUow. 

This  species  is  known  only  from  the  original  type  taken  on  Socoi 
Island  and  ftt)m  another  taken  at  Olarion  Island  by  Dr.  Gilbert. 

153.  KTPHOSUS  OCmTRUS. 

Pimelepterus  ooyurua  Jordan,  Boll.  U.  S.  F.  C.  1881, 327, 828  (Bay  of  Panama) ;  Timlw       in 

^  OHlbert,  BnU.  U.  S.  F.  0. 1882, 110  (Panama,  no  deaertptton). 
Kypko8U8  ocyurus  Jordan,  Proo.  U.  S.  N.  M.  1885«  380  (Panama,  no  description). 

Habitat:  Panama. 

Etymology:  c&xo?,  quick;  oupdj  taiL 

This  species  is  known  only  from  the  original  types,  from  PanMiz=^>^ 
It  is  a  strongly  marked  species,  perhaps  the  type  of  a  distinct  suB  b- 
genus  or  even  genus,  Sectatovj  characterized  by  the  little  developmei^^^ 
of  the  roots  of  the  teeth  and  by  the  deeply  forked  caudal. 


XZiIV.  MEDIALUFA.* 

Medialnna  Jordan  &,  Fesler,  gen,  nov,  (calif omieH9i9). 

Type:  Soorpis  oalifomiefMis  Steindachner. 

Etymology:  Spanish  medMbwna — ^half  moon,  the  vernaenlar  name  c^^ 
the  typical  species  in  Oalifomia. 

This  genus  contains  a  single  species  which  belongs  to  the  Galifomiar^ 
fiauna.    Its  nearest  relative  seems  to  be  the  Australian  genus  AtypicK-^ 
thys  Gunther,  which  has  a  different  fin  formula  (D.  xi,  15;  A,  m,  15^ 
and  the  middle  dorsal  spines  much  longer^  about  half  of  head.    Th^ 
two  genera  are  apparently  distinct;  certainly  neither  belongs  to  tii0 
CJu^dontidce. 

-  •  ■       -       —    ■  .  ■  I—  ^ .  I-  —  ^  II  .     ■  1 1-.       I       .1  ■  —     —  —    —  _.  ^^ 

*  The  genera  lately  subtmoted  from  ScorpU  (type  S.  georgianua,  an  Anatcaliaa 
species)  may  be  defined  as  follows : 

a.  Anal  flu  long,  2^  in  length  of  lM)dy,  Hs  niys,  III,  25  tl>  27;  donal  8pin«ft  gndnaQy  1nrrfi—iim,  is 
height  posteriorly  (teeth  said  to  be  conical,  bat  probably  oompreesed). 

b.  Soft  dorsal  and  anal  lUcate,  the  lotageet  ray  1|  in  base  of  rayed  part;  doml  sptljies  9 SooBMi' 

M.  Sofk  dorsal  and  anal  not  fUeate,  the  longest  ray  2|  in  base  of  rayed  part;  dorsal  spines  10. 

CJESIOflOMA  (Ktmp). 

aa.  Anal  fin  short,  Its  base  ^  in  length  of  body,  its  rays  III,  19;  dorsal  aplnea  gradually  HMSNating 

in  height  to  the  sixth,  decreasiog  postsriorly ;  soft  dorsal  and  anal  not  falcate,  the  longest  ny 

li  in  base  of  r«yed  part;  preopercnlom  serrated  at  angle;  teeth  oompressed,  incisor-like,  but 

narrow lfB>ULB5i. 


L 
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ANALTSie  OF  8l*9CnM  OF  M^BIALUNA. 

tf  ovaN»4dIiplttoAl,  it!  oQtKnM  ngnlftr;  luiad  blimtuAi,  tmokdtA,  «li«  fmtfd 
rongly  conyex;  maxillary  narrow,  not  reaoking  frmit  of  ey«;  prtorbital  var- 
«r;  eye  small,  1^  in  snont,  5  in  head;  mouth  small,  terminal,  horizontal;  Jaws 
th  broad  bands  of  slender  teeth,  the  outer  compressed,  narrowly  lanceolate, 
tbont  evident  roots  behind;  outer  teeth  similar,  growing  smaller  backward, 
I  somewhat  movable;  TOtner,  palatines,  and  tongue  with  patches  of  minute 
jtii;  gill-rakers  slender,  rathw  loug;  preoperole  entire.  Doisal  epineB  Ivm, 
)  middle  spines  highest,  scarcely  longer  than  eye;  soft  dfuesal  low,  ]»ot  ele- 
ted  in  front,  little  higher  than  spines;  anal  low;  caudal  lunate,  the  upper 
»e slightly  longer;  pectorals  short  and  narrow;  ventrals  rather  Small;  scales 
ixudsh,  adherent,  with  smaller  ones  intermixed;  sides,  top  of  bead,  and 
m  eloseiy  sealed ;  head  3|  in  length,  depth  2};  D.  I3C>  r^  29;  A.  iH,  19 
■lee^  9-0^1i^.  Color  blackish,  with  ste^y  bister,  paler,  and  often  notked 
Low;  aidsB  with  faint  obtiqne  Tertioal  lines  of  spots;  fins  blaokish. 

CALIFOBNIXIfSiB,  154. 

154.  BCBDIALUNA  CALIFORNIBnrBia    rMedialnna.) 

oaHfamiemHi  Steind.,  Ichth.  Beitr.,  iii,  19, 1875  (San  Diego);  Jordan  A  Gil- 
bert, Syn.  Fish.  N.  A.,  1883,  562,  and  elsewhere. 
mMctdi/arMeMe  Jordan,  Cat.  FiA.  N.  A.,  1885,  92. 

)itsi(:  Ooostof  southern  OaMlbniia^  from  Point  Cotteepoion  south- 

nnology:  From  GaUfomia. 

a  handsome  flsh  is  abundant  on  the  rocky  coasts  oi  southern 

mia.    It  reaches  a  length  of  about  a  Ibot,  and  is  a  feod-iA  of 

qfOidity. 
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ZLV.  CJESIGSOMA. 

CAflloioma  (Kanp)  Bleeker,  Systema  Peroarom  ReviBam,  n,  U,  1875  (ojHipMi). 

Type:  Soorpis  €eguipinnis  BichsadsoiL 

Etymology:  CcesiOy  an  allied  genus;  trSffiaj  body. 

This  genus  is  based  on  an  Australian  si>ecies  which  differs  from  the 
type  of  Soorpis  {Soarpis  geargianus)  in  having  the  soft  dorsal  and  anal 
low  and  not  falcate.  The  generic  value  of  this  character  is  at  least 
open  to  question.  In  the  form  of  the  soft  dorsal,  CcesioMtna  resembles 
Medialunay  but  in  the  latter  genus  the  soft  dorsal  and  anal  are  pro- 
portionately much  shorter  and  the  dorsal  spines  are  not  graduate.  We 
refer  to  0€Bsiosama  a  South  American  species  we  have  not  seen,  bnt 
which  seems  to  have  the  same  generic  characters.  In  all  these  species 
the  incisors  have  been  described  as  cylindrical  or  conic,  but  they  will 
probably  be  found  to  have  a  flattened  form,  as  in  MedialunOj  and  to  be 
really  lanceolate. 

ANALYSIS  OF  AMSRICAK  SPECIES  OF  CiESIOSOMA. 

a,  [Body  deep,  the  ontlines  strongly  arched;  month  very  obliqne,  the  maxilliiy 
reaching  front  of  eye;  enont  shorter  than  eye;  both  margins  of  preopeide 
finely  toothed;  nostrils  ronnd,  close  together;  preorbital  finely  toothed;  head 
completely  scaled,  except  the  snont,  lips,  and  part  of  each  jaw ;  dorsal  spinM 
growing  steadily  longer  to  the  last,  which  is  about  half  head;  second  softny 
of  dorsal  highest ;  third  anal  spine  slightly  longer  than  eye ;  pectoral,  1^  in  head; 
Tentral  2^;  candal  deeply  notched,  its  lobes  slender;  soft  rays  of  vertical  fin> 
closely  scaled.  Color,  dusky  violet  above,  silvery  gray  below ;  fins  yellowiih; 
body  sometimes  irregularly  mottled  with  darker.  Head  4  in  length;  deplhS^; 
eye  8i  in  head.    D.x,27;  A.in,25.    Scales,  70.]    (5teiiu{adkfia-)..CmuNSB,156. 

155.  CiBfilOSOMA  CHILBN8B. 

SoorpxB  chilenHs  Gay,  ''Hist.  Chil.  Zoology,  n,  220;  Ictiol.,  lam.  6,  f.  L" (JaanFtf- 
nandez) ;  Giinther,  ii,  64  (copied) ;  Steindachner,  Ichth.  Beitrice,  n,  1^ 
1875  (Jnan  Fernandez). 

Habitat:  Islands  of  Ohile. 

Etymology:  From  Chile. 

This  species  is  known  to  us  only  from  the  scanty  account  copied  by 
GtLnther  from  Gay  and  fr^m  the  detailed  description  given  by  Stein- 
dachner. According  to  Steindachner^  the  species  reaches  a  length  of 
a  foot,  and  is  very  common  on  the  coasts  of  Juan  Fernandez. 
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Subfamily  XII.— APLODACTYLIN/B. 
XLVL  APLODACTYLTTS. 

Aplodactylm  Cut.  Sl  Yal.,  viu,  476, 1831  {punctaiu9^. 

Haplodactylna  Gitnther,  i»  434,  1859  (corrected  orthography,  same  type). 

Type:  Aplodactylus  punetatus  Cuv.  &  Val. 

Etymology:  dTTldoi;^  simple;  ddxruXo^:^  finger,  from  the  unbranched 
pectoral  rays. 

This  gernis  contains  some  half  dozen  herbivorous  fishes  of  the  South 
Pacific  The  three  species  accredited  to  the  coast  of  GMle  are  scantily 
described,  and  none  of  them  have  been  examined  by  us. 

ANALYSIS  Oy  AMSRICAN  SPECIES  OF  APLODACTYLUS. 

a.  [Body  and  fins  everywhere  finely  spotted  with  black,  the  gronnd  color  brownish- 
red;  body  moderately  elongate;  the  headblnntish,  formed  as  in  Girella ;  scales 
Tory  smaU;  caudal  Innate;  soft  dorsal  higher  than  spinous;  anal  fin  short  and 
high;  incisors  tricuspid;  simple  pectoral  rays  6;  D.  xvT-21;  A.  in,  8;  ocBca 

2.]    {QUnt\er;  Cuv,  jr  Vol.) Punctatus,  156. 

oa.  Body  not  eyerywhere  spotted  with  black. 
h.  Color  brownish  gray,  vermicnlated  with  brown;  fins  brown-spotted;  incisors 
tricuspid.    D.  xv-i,  20;  A.  in,  8.     {Gay  fide  GUnGiM',)    Yermiculatus,  157. 
yb.  Color  yellowish,  dotted  all  dver  with  white.    D.  xv-i,  20;  A.  in,  7.    (G^y  fide 

GAlOtfT) GUTTATUS,  168. 

156.  APLODACTYLnS  PXTNCTATU8. 

AflodaelijfhM  pumcUOM  Cuv.  &.  Val.,  vni,  477,  pi.  242,  1831;  Jenyns^  ZooL  Beagle, 

15, 1842;  Gay,  Hist.  Chile,  ii,  156. 
'Eaplodactiyhu  punotaiut  Glinther,  i,  434. 
Aplada4stylu9  regiiUB  (Valenciennes)  Gay,  1.  c,  ''n,  158,  lam.  i,  f.  2/* 

Habitat:  Coast  of  Chile. 

Etymology:  PunetatuSy  si>eckled. 

This  species  is  known  to  us  from  descriptions. 

157.  APLODACrrLUS  VBRMICXniATUB. 
AplodaetjfhLB  vermioulatu9  Gay,  L  c,  u,  159,  lam.  i,  f.  1  (Valparaiso). 

Habitat:  Coast  of  Chile. 

Etymology:  VermiculatuSj  with  markings  like  worm  tracks. 

A  doubtfiil  species,  known  only  from  Gay's  description. 

158.  AFLODACTTLUS  OUTTATUB. 
ApladactyluB  guttatut  Gay,  1.  c,  160  (ChUe). 

Habitat:  Coast  of  Chile. 

Etymology:  ChUtatus,  with  spots  like  raindrops. 
A  scarcely  known  species^  apparently  to  be  recognized  by  its  colora- 
tion* 
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RECAFiraiiATioir.  ^    *^     - 

The  following  is  a  list  of  ih«  species  of  sparoid  flHbee  recognized  b^ 
08  as  occarriDg  in  the  waters  of  America  and  £urope.     Species  not  se&' 
by  the  aathors  are  markeil  with  an  asterisb.    The  geneial  distribatk* 
of  each  species  is  indicated  by  the  ase  of  the  following  letters : 
E,  Europ*.  W,  West  Indies. 

I,  Iilanda  of  esstora  Atlantio;   Axore*,       C,  Sontbein  CAlifonOft  (Point  Cokte^ 

etc.  oion  to  Cerroa  IbIaoi)). 

N,  AtlBDtie  oout  of  United  Statea,  Cape       P,  Paoiflo  coMt  of  tropical  Anerim. 

Cod  to  Cftpe  Hatfoiru.  0,  Oalapagoa  Idlands. 

0,  tkintb  AtUatio  aod  Onlf  ooaat.  T,  P»oilc  ooaat  of  South  Anerivs. 

K,  FteidA  KftTk  B,  Branl. 

Puily  BPABISA. 

aabAmUj  I.  HOPLOPAQRINa. 
Oenna  I.  Hoplopagnw  Gill. 

1.  Si>plop<igrM4  ffUnllitri  Gill.    P. 
ItBlobailj  n.  LUTJAinNja 

Qeniu  II.  Lutjaona  Bloch. 
t  EvoPUTxs  Gill. 

2.  Lu(ja*ii>  riridi*  (Valencleuaee).    G,  P. 
iGSKvoROOK  Cantor. 

3.  £H{/«niM  MitiaM*  (Steindaohner).    B.    Doubtfbl  speeix. 
(  DiPTSBODOM  Lac^pide. 

4.  iM^aimt  novem/aiiMaiu  QUI.    P. 

5.  Lutjanm  ejfattopUrtu  (Cuvier  &,  ValenoienneB).    W,  ^. 
e.  Luijanui  gri»au  (L.).     8,  K,  W,  B. 

7.  Lutjanui  joci  {Bloch  A  Schneider).     K,  W,  B. 

8.  iMtjaiiMt  eaxit  (Bloch  Sl  Schneider).     E,  W,  B.     Perbapi  ^ 

be  called  Lutjanui  apoda. 

9.  Lu^aniu  arffenlirenlria  (Peters).     P. 

10.  Lalf'aiiai  lafjaiioulu' (P»ey).     W.     Probablf  a  h^^iid;  alf 

*urit»-joei. 

11.  iMijoHtu  btKcantUa  (Carier  &.  Valenciennea).     W. 
13.  LMjaiMi  vivaHia  (Cnvier  &,  Valenciennea).     W. 

13.  iM^ania  aga  (Blodk).    S,  K,  W,  B. 

14.  Lvttjamu  amali*  (Cuvior  fiL  ValenoiHines).     K|  Vi  S. 

15.  iMtjaiuu  Colorado  Jordan  Bl  Gilbert.     P. 

18.  Xali'aniu  brackyptenu  Cope.     W.     Probably  a  hybrid; 

IT.  ZdIjiwim  gattatat  (8t«indachner).    P. 

18.  Luljaiuu  tynagrii  (L.).     W,  R,  B. 

19.  iMtjatnu  QMft^iuPoej.    W.    Certainly  a  hybrid,  4 


BO.  lMli*im%mtAogimi(C'a.^iKt&.yai^iiiamvgii).     W.     < 
(  Rabirubia  Jordan  &  Fealei.     New  anbgnnns  baaed  on  / 

31.  Lutjanut  inermU  (Peters).     P. 

t  Raizbro  Jordan  &,  Fesler.    Kew  labgenns  baaed  on  £. 

32.  £»(/aaiu  orafK*  (QUnt4i«r}.     P.  , 
Genna  III.  Oornrua  Gill. 

23.  OoyitrNi  chryiunta  (Bloch).     S,  W,  K,  B.  ' 

Genoa  IV.  RltomboplitAe  OilL  < 

34.  JUtMahaiU(M(Wironi«af(CuviM'A1 
Gonos  V.  ApaUaa  Cnvier  &,  Valenciennea. 

2S.  Jpiiltu  deataliw  Gaichenot.    W. 
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Sabfiunlly  n.  IiUTJAJIZNJB^-Cdntiftiidd. 
Genus  YI.  Apzlon  CuTier  A  YaleiiofMmetf. 

26.  Apritm  maerophikalmus  (MUUer  A  Tiooolial).    W. 
GeniM  YH.  BtaUs  Ouviftr  St  YaleBekimes. 

27.  EUHb  oeuUiiui  (Cavier  A  YaleHoiMUIe^).    W. 
Genas  YIII.  Verillis  Poej. 

28.  FeHlii0«ordiditfPoey*    W. 
Snbfiunlly  HI.    ZBHICBTHTIH JB. 

QeniiB  IX.  ZeniOoys  Jordan  &,  BoUmann. 

29.  XenoGjfi  je$9UB  Jordan  A  BoUman.    S. 
Genoa  X.  XmoMkuB  Jordan  &>  Gilbert. 

90.  Xenistitu  ealifamien9l$  (8teuidachBer>.    G. 
Genns  XL  Xauiehihta  GIB. 

31.  Xeniekik^B  a§a99iini  (Steindaehaer).    Q, 
.     32.  XmiekthgB  x»nU  GUI.    P. 
Bnbfiunily  IV.  H2IMUIfINJB. 
Gemia  XIL  HsMinilo^  Girrler. 

§  KfiMULOW. 

33.  HamuUm  seafiueMmm  Gill.    P. 

34.  Hamuhn  allmm  CnYier  &.  YalenoiMiBee.    W,  K,  B. 

35.  ili*iii*to»  flMMTMloma  GUHtiier.    W,K. 

36.  Samulon  hmmrimi$e  CuYier  &  Yaleneieimes.    W,  B. 

37.  ffcmukm  porta  (Deemarest).    W,  K>  B. 

38.  BcmuUm  iwddari  Gill.    P. 

39.  HmmvJ&ti  carlkmafikm  Poe^.    W,  B. 

.  40.  jBinaHioa  §ehr€Mki  Agaaaiz.    W,  B,  P. 

41.  Hamulon  mslantiiniim  (L.).    W. 

42.  AtfmaZm  Miwnitf  (Shaw).    K,W>B. 

.  43.  H€nkiU^pluini0ri  (Lae6pMe).    B,  K,  W^  B. 
44.  Hamulon  flavolineatum  CaTier  A  Yaknoiotilias.    K,  W,  B. 
§  BRAGHYGKSt'8  Soadder. 

46.  fftemulan  chry^mrgifrmnn  Gttnther.    K,  W,  B. 
.     §  BaTHTlBTOiU.  Stndder. 

46.  Htnkulw  rimator  Jordan  A  dwaiB.    8^  K,  W. 

47.  ffamuUm  aurolineatum  Cnviot  A  Yalenoiennes.    K,  W,  B. 

48.  HimuUm  Btriahm  (L.).    W,B. 
f  LViBRirLOBf  Jordan  A  Swain. 

49.  HcBfmulonflaviguttakm  GilL    P. 
§  OsTHOSTiBOHua  Gill. 

50.  StBmuUm  maetUioauda  (GUI).    P. 
GennaXm.  Anlaotremna  Gill. 

51.  AttisoiremUi  paoi0H  (Gtlnther).    P. 

52.  Ani^otremuB  oosmks  Jordan  dt  CKlbertL    P. 
68.  AmtfbirtimM499ii  (Giinther).    P. 

54.  Ani%otttmu9  9wnflitm0mBU  (Bloeh).    W,B,P. 
66.  Jm/fmntroMu  IhooUt  (Caaielnan).    B,W. 

56.  Ani90iremus  seapulairii  (Taohndi).    Y. 

57.  Anu^^inmu  dmfUMni  (Steindaohner).    C. 

58.  jlfilMtreaHM  toilialiia  GiU.    P. 

59.  AmBotrtmus  virginuMB  (L.).    K^W^B. 

60.  ^»<<ofr0miwoatAarlfti9*(CnTierdDYai0noi6nBaa>.  B.  Donbt- 

ftd  apeeiea;  probably  identical  with  A,  virgxnie^B. 

61.  ^»t«o<y«iiH(«  4«rrvla  *  (CuTier&Yalencieimea).  W.    Donbt- 

fnl  8p0eieB;  perhapaidentieal  with  Qt^yatr^muB  ZateM. 
(}enna  XIY.  Conodon  Cuvier  6l  Yalenciennea. 

62.  Conodon  nohilis  (L.).    S,W,B. 

63.  Conodon  Berrifer  Jordan  dc  Gilbert.    P. 
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Bablamily  IV.  HiBMUUNJO— dontinaed. 
Genus  XY.  Pomadasis  Lao^pMe. 
i  P0MADA6IS. 

64.  PcmadoiU  hmMB  Kner  &.  Bteindadmer.    P. 

65.  Pomada$i$  produciu$  *  (Poey).    W. 

66.  PcmadoiU  tMoraeaniku$  (Gttnther).    P. 

67.  Pomadana  oroero  (Cavier  A  Valenciennes).    W,  B. 

68.  Pomada&iB  bramieki  (Steindachner).    P. 

69.  PomadoiiB  ramoaus  (Poey).    W,  B.    Synonymy  nnceztoia 
V  PsBUDOPRiSTiPOiiA  Sanvage. 

70.  PimiadaH9 panamen9%9  (Stemdaohner).    P, 
^Brachtdbutbbus  GilL 

71.  Pomadati*  oxtZIam  (Steindaohner).    P. 

72.  PomadoHt  nitidua  (Steindachner).    P. 

73.  Pamadatia  corvina/ormis  (Steindachner),    B. 

74.  PamadoMleucUcus  (Gttnther).    P. 

75.  PomadoHs  elongatua  (Steindachner),    P.    Donbtfol  sped 

perhaps  a  form  of  the  preceding. 
GennsXVL  Orthopxlatia  Girard. 
§  Obthopristis. 

76.  OrtkaprUtU  bennetti  (Cnvier  ^  YalenctenneB).    £,  I. 

77.  Orihopri$ti$  ruber  (Cnvier  Sl  Valenciennes).    B. 

78.  OrikopriaUs  ofuOoeua  (QliRiiher).    P,G. 

79.  OrikoprUHs  okrysapteruB  (L.).    S. 
90,  OrikoprUtis  poeyi  Beaddet.    W. 

81.  OrikoprUHa  eantkarinua  ( Jenyns).    P,  G,  V. 
( ISACiELLA  Jordan  &  Fesler.    G. 

82.  Ortkopriatis  letkoprUtU  Jordan  A  Feeler.    G. 

83.  OrikoprUHB  hrevipinnis  (Steindachner).    P. 

^MlCBOLEPIDOTUS  Gill. 

84.  OrtkoprUtU  inomatu$  (QUI).    P. 
Genns  XVH.  Isaoia  Jordan  A,  Feeler. 

85.  laaoia  oonapHonis  (Cavier  A-  Valenciennes).    V. 
Genos  XVUI.  Parapristipoiiia  Bleeker.     Gtonns  perhaps  inseparal 

from  PleotarkynckuB, 

86.  Parapristipama  medUerraneum  (Gnichenot).    £. 

87.  Parapriatipama  viridenae  *  (Cavier  A  Valenciennee).    £,  1 
Genus  XIX.  Ghenyatremns  Gill. 

88.  Oenyatremus  luteu9  (Biooh),    W,B. 
Bntafamily  V.  DBNTICINiB. 

Genns  XX.  Dentez  Cnvier. 

89.  Dentex  maerapkikalmuB  (Bloch).    £. 

90.  Dentex  dmtex  (L.).    £. 

91.  Dentex  maroccanna  Cavier  A  Valenciennes.    £. 
92.  Dffitev^IoMW  Valenciennes.    I. 

Gtonns  XXI.  Nemiptenui  Swainson.    Donbtfol  genos;  perhaps  ins 

arable  firom  Dentex. 
93.  Nemipierus  maeranemue  Gttnther.     B.     Donbtfol  sped 
probably  from  the  East  Indies  instead  of  Sonth  Amerie 
Bablamily  VI.  BPARINiB. 

(^tonosXXII.  Btenotomoa  Gill. 

94.  Stenotomua  tumleatua  Cuyier  d&  Valenciennes.    8, 
96,  Sienotamtu  okryaopa  (L,),    N,  S. 
96.  Stenoiomua  oaprin^9  Bean.  S. 
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Snlrfainily  VI.  EIPARINJQ— dontmned. 
Genus  XXm.  Calamiu  SwainBon. 

97.  Cdlamu$  cdlamu$  (Cnyier  A  YalenoieimeB).    K,  W,  B. 

98.  Ca{amiM|>rori^0ii«Joidaiids  Gilbert.    K,  W. 

99.  Calamus  pennatula  *  Goichenot.    W. 

100.  Caiamu9  hajanado  (Bloch  Sl  Schneider).    W,  K. 

101.  Calanwu  hrachyaomus  (Lockington).    P. 

102.  Cdlamu»  Uueosteus  Jordan  Sl  Gilbert.    8. 

103.  Caiamus  macrops*  Poey.    W. 

104.  Caiamtu  tourtiiii^  Jenyns.    G. 

105.  Cdlamu9  penna  Cnvier  &■  Yalenciennee.    S,  K,  W,  B. 

106.  CdlamMt  arctifrans  Goode  &  Bean.    S,  K. 

107.  CalamiM  flMdtiM  Poey.    W. 
Genua  XXIV.  Spans  (Artedi)  Linnffins. 

§  Spabus. 

108.  SparuB  aurata  Linn»ii8.    £. 

109.  Sparus  ocpruZeoattctiw*  (Cnvier  A  Valenciennes).    E. 
^  Pagbus  Cnvier. 

110.  SparuB  pagru8  Linnmns.    E,  S.  • 
HI.  8paru8  ehrenbergi*  Cuvier  &  Valenciennes.    E. 

112.  Sparus  heriheloii*  Valenciennes.    E. 

Genns  XXV.  Pagelliia  Cnvier  A,  Valenciennes.    Perhaps  inseparable 
£rom  Sparus. 

113.  Pagellu$  erythrimus  (L.).    E. 

114.  Pagellus  tuiame  Cnvier  &  Valenciennes.    E. 

115.  Pagellu$  oeHtrodoniu$  (De  la  Roche).    E. 

116.  Pagellus  hogaraveo'"  (Brflnnich).    E. 

117.  Pagellus  mormjfrus  (L«).    E.    Ascribed  probably  by  error  to 
the  coast  of  Brazil. 

Genns  XXVI.  Lagodon  Holbrook. 

118.  Lagodon  rhamMdes  (L.).    K,  S,  W. 
Genns  XXVn.  Arohoaargua  Gill. 

119.  Arokosargus  unimaoulatus  (Bloch).    K,  W,  P.    InolndeB  two 
forms  or  varieties:  unimaoulatus  s^nd  flavoUneaius. 

120.  Arckosargus  paurtdUsii  (Steindachner).    G.    Perhaps  a  va- 
riety of  unimaeulatus, 

121.  Archosargus  iridems*  (Poey).    W.    (Perhaps  a  variation  of 
unimaoulatus,) 

Vi2.  Archosargus  prohaioeephalus  (Walbanm).    NyS. 
128.  ^roAMar^iMariea  (Cnvier  d^  Valenciennes).   W^B.    Perhaps 
a  sonthem  variety  of  the  preceding. 
Genns  XXVIU.  Diplodua  Bafinesqne. 

124.  Diplodus  kolbroohi  (Bean).    S. 

125.  D^lodus  argenieus  (Cnvier  &,  Valenciennes).    S,  W,  B. 

126.  Diplodus  sargus*  (L.).    E,W. 

127.  D^lodus  vulgaris  (St.  Hilaire).    E,  L 

128.  JHplodus  annularis  (Gmelin).    E,  I. 

129.  Diplodus  fasdatus*  (Cnvier  A  Valenciennes).    E,  I. 
Genns  XXIX.  Charaz  Sisso.    Perhaps  inseparable  £rom  Diplodus» 

190.  Okoros  iwiitofso*  (Gmelin).    £,I. 
Bufaiuiiily  Vn.  BORIDIINiB. 

Genns  XXX.  Boxidia  Cnvier  dt  Valeneieimes. 

131.  BoH^ia  pnwtiifaiM*  Cuvier  &  Valendennea. 
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Bublamily  VZZZ.    MJBJSOMM, 
Genus  XXXI.  MaBDA  Cuvur. 

]Ji3.  Mmnamma.  (CKneUn).    £. 
133.  jrwajvlrtt*  (Briiiiiiieb}.    £. 
Genus  XXJUI.  4plcMum  BafinesqM. 

IjNl.  ifi|pter««SMH9(L..).    £.    Boeotdsdy  probably  by  errofK^, from 
.  liMrtioiiiiieb  sm  8.  euirlMoft  (CnTisr  A  Vftlendennea) . 
.    139.  a^ieara  ahtio  (Risso).    £. 
Genns  XXXIII.  Cavtr^owithiui  BafioMqna. 

136.  Cmtmoanthu$  ^lrru$  RaAnesqae.    fi. 
Clfpiiw  IPUUV.  JBKyttaMMjm  Tsmmiaok  A  Bchilage]. 
.  137.  AyAHsMyt  viltalef  *  (Poof).    W. 
138.  J^arM%#  ^ytfimflswr*  (Qulobenet).    V. 
BnbAunily  UL  BCATifAHTNa. 

Genus  XXXy.  Box  CnyierA  Valenciennes.    Fediaps  indistingnEi^'luUt 
from  B0ap9, 
130.  Bmc U0fi$  (U).    £,I. 
Genns  XXXVI.  Boopa  Cnyier. 

140.  Boop$  Mi(fMi  (L.).    £»I. 
.tenps  X.XXyiL  OUiidft  CnTler. 

141.  OfrloAi  NMkMra  (L.). 
Ckww^XXVIII.  BoatHams  Guvier  A  Yalenoiensies. 

142.  Seaikartu  grcMU  Cnvier  A  Valenoiennes.    E. 
Genns  XXXIX.  Bpondylloaoia  Oantor. 

Ii48.  0po9Uii^i^9oma  oantUnw  (Gnalin).    B. 

144.  4peiMlyii«Mma  orMenloM  (GtiYier  dc  Valenciennes).       ^' 
Bnblamily  X.  0THBTiliim. 

QmaB  JUL.  OiMlla.  Gray. 

145.  Qinlla  nigfiean$  (Ayres).    C,  P. 

Gfenus  XXJ.  Doydlxodoii  ValeBciflnnas.    Genus  perbafa  noi    ^^ 
gilsbable  from  CHtMa. 

146.  Doydixodon  frmJkmUl&k*'  Valfindenms.    G^ 

147.  IHiiiKNawiIeii  to^froa^*  (Xaefaodi).    V. 
BiMimUgr  XZ.  BTSYHOflZHjO. 

49emis  JJJiiL  Harmotfla  JenldBs  &  fiTanaaaui. 

148.  Hermo9illa  ararsa  Jenkljis  4b  £veimann.    P. 
Genua  XUII. .  Xyplioans  LsMM^Ma. 

$  Kyphosus. 

140.  JB^ff^Mm  aaatoyas  (Gili)«    P 
IGO.  M9n^%m»  tUffom  (Pelais).    P. 

151.  JEjmMmwm  «Btefri«  (li.).    8,  W, IC,  B,  £. 

152.  Jgffpfcosashtf tssaiis  Jeadan  A  Gilbert,   P. 
$  Sbctatob  Jordan  A  F^tiUt. 

Iii8.  JTifjpfcMiM  M^yams  Jocdaa  4b  Gilbert.   P. 
Genns  XLIV.  Medlalima  Jordan  A  Feslar. 

194.  itfsdia/tiaa  calj^^raisasis  (Steindatbner).    C. 
Genus  XLV.  GtoatoaoBU  Kaap.    Ferbaiis  inseparable  from  SoBfff^ 

V».  t!09i0»9maime9t9e''  (Gay).    V. 
,lija1aiBtillWy3PPL  .APIiOI>AGgglinffaB. 

Genus  XLVI..  J^lodaotyliia  Cavier  A  V4daiieien&e6. 

156.  Aplodaoiylu$  punotoikm*  Cu^er  4b  Valei^pisnasB.  -V. 

157.  4y ygdaslflm. ywrntoalaSMS  *  Gay.    V. 

,;ke9«  ^jiMatf^rJiw  tf»«M«s  *  G«y*  ^- 


Palo  Alto,  Oal.,  March  20^  1892. 
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5.— ON  FISH  ENTOZOA  FROM  YELLOWSTONE  NATIONAL  PARK. 


By  Edwin  Linton,  ph.  i>., 
ProfeB8or  of  Zoology  in  Washington  and  Jefferson  College. 


^his  paper  makes  the  third  which  the  author  has  prepared  for  the 

.     S.  Fish  Commission    on    entozoa  collected  iu  the  Yellowstone 

^S^s^tioDal  Park.    The  first  of  these  papers  contained  a  report  on  two 

^l>^ies  of  larval  cestods,  Ligula  catostomi  from  the  sucker  {Catostomus 

«S9^€ien«),  and  Dibothrium  cordiceps  from  the  trout  (Salmo  mykiss)^  col-* 

l^«sc5ted  by  Dr.  David  S.  Jordan  in  September  and  October,  1889.    The 

s^&c5ond  paper  was  a  special  report  on  the  life  history  of  Dibothrium 

<^r>w^icep8j  being  the  result  of  the  author's  investigations,  in  July  and 

^^mxgust,  1890,  into  the  cause  of  the  excessive  parasitism  among  the 

t:ix>Tit  of  Yrflowstone  Lake.    The  present  paper  contains  descriptions 

^^  other  fish  entozoa  which  were  obtained  incidental  to  the  inquiry 

^tc  the  life  history  of  D.  cordiceps. 

-Aside  from  the  trout  parasite  (D.  cordiceps)  j  perhaps  the  most 
^Interesting  form  encountered  was^the  monobothrium  from  the  sucker; 
^Ms  appears  to  be  an  undescribed  species,  and  I  have  given  it  the 
^ame  Monobothrium  terebrans^  from  its  habit  of  boring  a  pit  in  the 
Mucous  membrane  of  its  host.  I  have  thought  it  best  also  to  give  a 
brief  account  of  the  anatomy  of  this  singular  worm.  Some  additional 
Dotes  on  the  ligula  of  the  sucker  have  been  given.  These  are  based 
on  observations  made  in  July,  1890.  That  part  of  the  report  which 
relates  to  the  nematods  is  necessarily  imperfect,  owing  to  the  fact  that, 
with  the  exception  of  the  species  Dacnitis  globosa  from  the  trout,  the 
specimens  were  all  immature  and  for  the  most  part  few  in  number. 

CBSTODA. 
Ligula  oata8*omi  Lt.,  BuU.  U.  S.  F.  C,  ix,  for  1889,  pp.  66-72,  pi.  xxiii-xxv. 

An  account  of  this  parasite,  based  upon  specimens  found  by  Dr. 
David  S.  Jordan  in  the  sucker  {Catostomus  ardens)^  of  Witch  Creek,  a 
tributary  of  Heart  Lake,  Wyoming,  was  published  in  the  Bulletin  of  the 
United  States  Fish  Commission,  cited  above.  It  is  not  proposed  to  give 
any  further  account  of  the  anatomy  of  this  specie^^  here,  but  simply  to 
record  a  few  notes  and  observations. 

On  July  28, 1890, 1  found  in  a  young  sucker,  captured  in  a  small 
wann  stream  near  our  camp  on  Heart  Lake,  a  ligula,  in  the  abdominal 
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cavity.  The  length  of  the  fish  was  about  75  mm.,  that  of  the  X)arasi 
400  mm.  The  greatest  breadth,  near  the  anterior  end,  was  6  mm.  F 
the  first  75  mm.  it  was  thick  and  stout,  the  remainder  was  slender  am 
tapered  slowly  to  the  posterior  end,  near  which  the  breadth  was  abou 
2  mm.  Several  large  suckers  from  the  Jake  were  examined,  but  m 
liguhe  were  found  in  them.  The  water  of  the  lake  is  quite  cold,  th 
temperature  40^  F.  having  been  found  at  a  depth  of  124  feet. 

On  July  29,  I  examined  a  number  of  suckers  collected  in  Witc] 
Creek.    The  fish  were  taken  in  a  seine  from  a  warm  branch  of  the  main 
stream.    The  temperature  of  the  water  in  which  the  fish  were  swimmiua 
was  950  r.    A  school  offish  were  observed  in  the  warm  stream  .wher^ 
it  joined  with  a  cold  stream,  40°  F.    The  fish  showed  no  tendency 
enter  the  cold  water,  even  when  frightened  by  the  presence  of  the  sein 
Two  species  of  fish  were  secured  from  this  acbool,  viz :  Catostomu^  arden 
and  Leuciacus  atrarius.    The  specimens  were  all  young  or  half  grow 
No  trout  were  seen  in  the  warm  water,  although  they  appeared  to  b 
rather  abundant  in  the  cold  stream. 

The  larger  suckers  were  nearly  all  infested  with  these  parasites;  ti 
smaller  ones  not  so  much,  and  the  smallest  scarcely  at  all.    Of  30  fis 
ranging  from  14  to  19  centimeters  in  length,  only  one  or  two  were  witl 
out  parasites.    Of  45   specimens  averaging  about  10  centimeters  i 
length,  15  were  infested  and  30  were  not.    C^f  65  specimens,  averagin 
about  9  centimeters  in  length,  10  were  infested  and  55  were  not.    0^^ 
(J2  si)ecimens  less  than  9  centimeters  in  length,  2  were  infested  and  GO 
were  not. 

1  insert  the  following  notes  made  at  the  time  of  collecting: 

1.  Fish  19  cm.  long,  contaiued  1  parai»ite,  leugth  39.5cm.,  broadest  at  anterior  end, 

where  it  measured  15  mm. 

2.  Fish  17  cm.  long,  1  pariisite  27  cm.  lonfi;,  13  mm.  broad  near  anterior  end. 

3.  Fish  15  cm.  long,  4  parasites,  12, 13,  13,  and  20  cm.  long,  respectively. 

4.  Fish  13.7  cm.  long,  no  parasites, 

5.  Fish  13  cm.  long,  3  parasites. 

6.  Two  fish  13  aud  14  cm.,  respectively,  no  parasites. 

7.  Fish  11  cm.  long,  abdominal  region  flabby  and  collapsed,  a  hole  beside  and  a 

little  in  front  of  vent  from  which  a  parasite  had  apparently  escaped.  One 
free  ligula  was  found  with  the  fish  when  they  were  brought  in.  The  fish 
may  have  been  injured  in  seining.    The  intestine  was  congested. 

S.  Two  fish  10  and  11  cm.  long,  respectively,  more  than  one  parasite  in  each ;  put 
in  alcohol  entire. 

9.  Fish  10  cm.  long,  no  parasites. 

10.  Two  fish  10  cm.  long,  no  parasites,  intestine  and  peritoneum  congested. 

11.  Fish  10  cm.  long,  no  parasites;  intestine  and  peritoneum  black  and  unhealthy 

looking. 

12.  Fish  10  cm.  long,  one  parasite  39  cm.  long. 

13.  Three  fish  each  10  cm.  long,  two  with  2  and  one  with  3  parasites. 

14.  Two  fish,  8  and  9  cm.,  respectively,  one  with  3  and  the  other  with  4  parasites. 

The  parasitized  fish  are  perhaps  a  little  lighter  in  color  than  the  uou- 
parasitized  ones. 
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Tkn  admirable  re^earckes  of  Douuadieu  on  the  lig^ala  of  tUe  European 
tench  show  that  the  time  during  which  the  parasite  lives  in  the  abdom- 
inal cavity  of  the  fish  is  variable,  but  is  generally  limited  to  two  years. 
3iost  frequently  it  attains  its  maximum  development  at  the  end  of  the 
second  year. 

The  fact  that  the  specimens  of  L,  catostomi  showed  comparatively 
slight  difference  in  apparent  age  points  to  the  conclusion  that  the 
period  of  infection  is  brief.  It  is  probable  that  the  final  host  is  one, 
or  i>o8sibly  more  than  one,  of  the  migratory  aquatic  birds,  such  as  the 
lieron,  x)elican,  larus,  merganser,  etc.,  which  are  summer  residents  or 
visitors  in  this  region.  The  abundance  of  the  parasites  is  doubtless  due 
to  the  warm  water  in  the  streams  fed  by  thermal  springs,  which  fiir- 
nishes  conditions  favorable  to  the  development  of  the  embryos  from  the 
egg.  If  these  parasites  ever  normally  make  their  escape  from  their 
intermediate  host  the  fish,  as  stated  by  European  observers,  the 
chances  of  their  being  swallowed  by  a  bird  are  very  few,  since  they  are 
eaten  with  avidity  by  fish,  in  whose  intestine,  however,  they  do  not 
mature. 

On  the  evening  of  July  29  I  threw  into  the  lake  a  large  number  of 
these  parasites,  and  on  the  following  day,  about  noon,  caught  a  chub 
{Leticisctis  atrarim)  near  the  place  where  the  ligulaehad  been  thrown. 
The  alimentary  canal  of  the  chub  was  filled  from  one  end  to  the  other 
with  ligulae  in  various  stages  of  digestion.  In  the  intestine  they  were 
reduced  to  a  white  chyle  with  recognizable  fragments,  and  even  in  the. 
stomach  they  were  corroded  and  fragment al. 

DiBOTHRiUM  CORDICEP8  Leidy. 

A  description  of  this  species  by  Dr.  Joseph  Leidy  was  published  in 
the  Preliminary  Eeport  of  the  TJ.  S.  Geological  Survey  of  Montana  and 
adjacent  territory  (Hayden,  1871,  pp.  381,  382).  ^  Some  account  of  the 
anatomy  of  the  larval  stage  was  given  in  my  paper  entitled,  **  On  two 
species  of  Larval  Dibothria  from  the  Yellowstone  National  Park  (Bull. 
U.  S.  Fish  Commission,  ix,  for  1889,  pp.  72-76,  pis.  XXV-XXVTI) ;  and 
of  the  adult  stage  in  "A  contribution  to  the  life  history  of  Dibothrium 
cordiceps,^  etc.  (Bull.  U.  S.  Fish  Commission,  ix,  for  1889,  pp.  337-358, 
I)ls.  CXVII-CXIX.) 

Larval  stage:  In  the  rocky  mountain  trout  {ISalmo  mylcisa)^  in  cysts 
and  free  in  the  abdominal  cavity ;  also  often  migrating  into  the  flesh 
of  these  trout  in  the  Yellowstone  Lake. 

Adult  stage:  Intestine  of  the  American  white  pelican  (Pelecanus 
crytUrorhynchua), 
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MONOBOTHRIUM   TERKBRAN8  sp.  IIOV. 

[Plates  63,  64,  65;  Figs.  1  to  21.] 

Body  elongated,  somewhat  flattened,  linear,  slightly  enlarged  at  the 
extremities,  which  terminate  in  blunt  points,  opaque,  white.  Head  va- 
riable, subsagittate,  wedge-shape  or  bluntly  rounded,  a  little  broader 
and  thicker  than  the  body,  somewhat  depressed  dorso-ventrally  but 
without  distinct  bothria,  translucent  white  with  more  delicate  cuticle 
than  body.  Posterior  end  of  the  body  with  irregular  prominences 
due  to  the  development  of  ova  in  the  uterus.  Genital  aperture  ventral 
about  the  posterior  fifth;  testes  in  front  of  genital  aperture  occupy- 
ing the  greater  part  of  the  body;  female  genitalia  behind  the  genital  A 
aperture.  Largest  specimen  28  mm.  in  length.  Sometimes  several  J. 
with  heada buried  in  common  pit  in  mucous  membrane  of  host. 

Habitat :  Intestine  of  Catostomus  ardens^  Heart  Lake,  Wyoming,  July  ^ 

28, 1890. 

Diesing  makes  this  genus  the  type  of  his  family  Monobothria.    The  ^ 

genera  included  are  Caryophyllceus  Gmelin,  Monobothrium  Diesing,  and 
Diparua  Diesing.  These  cestods  are  peculiar  in  that  the  body  is  not 
segmented  and  contains  but  one  set  of  genitalia.  In  other  words  a 
single  individual  corresponds  to  one  proglottis  of  an  ordinary  tape- 
worm. The  members  of  the  group  thus  serve,  in  a  measure,  to  connect 
the  cestods  and  trematods. 

Several  large  suckers  which  had  been  taken  in  a  trammel  net  were 
examined  and  about  a  dozen  specimens  of  this  parasite  were  obtained 
from  two  of  the  fish.  They  were  associated  with  Hchinorhynchus  tuber- 
08U8,  and  in  each  instance  several  of  the  individuals  were  found  to  be 
attached  to  the  intestinal  wall  with  their  heads  buried  in  a  common  pit 
in  the  mucous  membrane.  Some  of  these  clusters  were  preserved 
entire  with  a  portion  of  the  intestine.  Upon  examining  the  alcoholic 
specimens  one  was  found  7  mm.  in  length,  which'was  wholly  inclosed  in 
a  pit  in  the  mucous  membrane.  The  walls  of  the  pit  were  thick  and 
gristly  and  the  head  end  of  the  parasite  had  nearly  perforated  the 
intestinal  wall. 

The  longest  living  specimen  measured  28  mm.;  as  an  alcoholic  speci- 
men it  measured  nearly  the  same,  presenting  the  following  dimensions 
in  millimet'Crs :  Length,  27 ;  breadth,  median,  2,  expanding  near  anterior 
end  to  2.6,  and  near  the  posterior  end  tapering  rather  abruptly  to  1; 
thickness  about  1,  but  increasing  to  1.5  at  the  posterior  end  where  there 
are  two  or  three  moderately  swollen  or  nodular  places. 

The  following  observations  are  based  on  alcoholic  specimens:  A 
small  specimen  measured  17  mm.  in  length;  median  breadth,  25  mm.; 
breadth  near  extremities,  2  mm.  The  anterior  end  of  this  specimen  was 
sagittate  and  thicker  than  the  body,  posterior  end  bluntly  tapering, 
thicker  than  body,  and  somewhat  swollen  or  nodular.    Each  end  of  the^ 
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larger  specimeus  is  rather  sharply  marked  off  from  the  body  for  a  dis- 
tance of  3  mm.  or  more.  The  anterior  end  is  somewhat  lighter  colored 
than  the  body  and  suggests  the  head  of  some  species  of  Dihothrium^ 
but  there  are  no  bothria.  The  body,  especially  toward  the  posterior 
end,  is  yellowish-white. 

ANATOMY. 

The  sections  upon  which  the  following  account  of  the  anatomy  is 
based  were  made  from  specimens  stained  in  toto  in  borax  carmine. 

Strticture  of  the  head. — Upon  examining  transverse  and  longitudinal 
sections  of  the  head  it  is  seen  to  consist  of  somewhat  spongy  tissue,  in 
which  there  are  a  few  longitudinal  muscular  and  connective  fibers  and 
numerous  protoplasmic  granules  and  granular  masses  contained  in  a 
mesh  of  transverse  connective  fibers.  There  are  also  numerous  small 
open  spaces  shown  in  the  sections  which  are  doubtless  the  fine  and 
irregular  branchings  of  the  vessels  of  the  water-vascular  system. 
Figs.  9  and  10  show  the  structure  of  the  head  of  a  small  specimen.  In. 
them  it  is  seen  that  the  cuticular  layer  is  very  thin  and  the  subcutic- 
ular gi*anulo-fibrous  layer,  which  is  clearly  defined  toward  the  middle 
of  the  body,  is  but  faintly  foreshadowed.  The  longitudinal  muscular 
fibers  are  not  collected  into  any  definite  area,  but  are  distributed 
pretty  uniformly  among  the  other  tissues.  There  is  no  indication  of 
layers  of  any  kind.  If  the  entire  section,  from  which  Fig.  10  was 
sketched,  had  been  figured  it  would  have  shown  no  peculiarities  of 
structure  that  are  not  shown  in  the  small  portion  which  is  represented. 

l!^o  calcareous  bodies  were  found  in  any  of  the  sections.  One  of  the 
smallest  specimens  was  placed  in  hydrochloric  acid,  but  no  evidence  of 
the  presence  of  calcareous  particles  was  educed. 

Structure  of  the  body. — ^There  is  a  rather  abrupt  transition  between 
the  head  and  the  body.  When  transverse  sections  made  through  the 
anterior  part  of  the  body  immediat^ely  back  of  the  head  are  compared 
with  those  of  the  head  several  differences  may  be  observed.  The 
cuticle  is  thicker  and  more  sharply  defined.  In  the  center  of  the 
section  the  connective  fibers  assume  a  parallelism,  especially  in  a 
direction  from  margin  to  margin,  which  is  in  marked  contrast  with 
the  irregular  course  which  they  pursue  in  the  head.  The  open  spaces, 
which  indicate  the  situation  of  longitudinal  vessels,  are  collected 
towards  the  i)eriphery.  The  protoplasmic  granules  in  the  center  soon 
begin  to  collect  into  clusters,  which  represent  the  beginnings  of  the 
testes. 

In  a  small  specimen  about  5  mm.  long,  which  was  cut  into  transverse 
sections,  it  was  not  until  the  middle,  or  a  little  back  of  the  middle, 
counting  from  the  head,  that  the  longitudinal  muscles  began  to  collect 
into  bundles  to  form  a  somewhat  discontinuous  layer  surrounding  the 
inner  space. 
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Ill  sectionR  made  in  t be  vicinity  of  the^^cproductive  aperture,  bact^^ 
the  posterior  fourth  of  the  body,  the  cuticle  was  found  to  consist  of  t^^ 
layers  (Fig.  20,  e,  c).    The  outer  or  epidermal  layer  appears  to  "^ 
sloughing  off  from  the  inner,  uniform  cuticular  layer.     Within  t-^^ 
cuticle  is  a  very  thin  layer  of  fine  longitudinal  fibers.    This  is  stiB^c- 
ceeded  by  a  thick  granulo-fibrous  layer,  which  contains  numerc^"«s 
granules  and  nuclear  bodies,  which  latter  stain  deeply  in  carmin^^e. 
There  are  also,  especially  in  the  older  specimens,  small  clusters  of  1( 
gitudinal  muscular  fibers  in  this  layer  (Fig.  16,  /).    The  inner  porti* 
of  this  layer  is  somewhat  open  or  areolar.    The  water  vascular  syst^ 
consists  of  an  indefinite  number  of  vessels  not  clearly  defined  and 
•  various  sizes,  which,  in  the  posterior  i)art  of  the  body,  in  the  vicini 
of  the  reproductive  aperture,  lie  in  the  inner  i)ortion  of  the  subcul 
neons  granulo-fibrous  layer  (Fig.  16,  w).    This  characteristic  branchi: 
of  the  water- vascular  system  appears  to  be  identical  with  thatobserr 
by  G.  R.  Wagener  (Natuurk.  Verb.  Haarlem,  xni,  96;  Tab.  vn,  : 
Next  within  the  granulo-fibrous  layer  is  a  layer  of  longitudinal 


cular  fibers  (Figs.  16,  17,  18,  20,  Im).  This  does  not  constitute  ^  ^ 
unbroken  layer,  but  consists  of  numerous  clusters  of  longitudinal  fibc— .^^r® 
which  lie  in  the  midst  of  the  connective  tissue  and  surround  the  c^^^^' 
tral  space.    The  latter  contains  the  genital  organs.    A  terminal  pccn^i* 

leading  into  a  short  duct  with  thick  walls  was  observed  in  trausvei ^tr^ 

sections  through  the  posterior  end  of  a  small  specimen.  The  du^^^-^^^ 
enters  posteriorly  from  near  one  margin  and  not  from  the  extreme  l^^^P? 
and  continues  anteriorly  to  the  posterior  vitelline  gland.  The  sanr^^^^^ 
was  observed  in  transverse  sections  of  larger  specimens,  where  ^^ 

appeared  first  in  the  posterior  sections  as  a  pore  entering  one  of  t^^  "® 
margins,  and  was  soon  seen,  in  succeeding  anterior  sections,  towaitf^  ^^ 
the  middle  of  the  sections  as  an  elongated  opening  with  strong  walls  -  ^ 
connective  tissue  of  irregular  thickness.    In  the  smaller  specimer^*'  ^^ 


strong  connective  fibers  run  from  the  anterior  end  of  this  culde-sa  .^^^' 
This  organ  is  doubtless  the  terminal  pulsating  organ  common  tolarv^-"^ 
cestods. 

Oenital  organs. — The  testes  begin  a  short  distance  back  of  the  h 
In  a  young  specimen  they  began  about  the  anterior  third;  in  an  oldc^^  ^^ 
specimen  they  began  almost  immediately  behind  the  head.    They  coir^^" 
sist  of  globular  masses  (testicules)  of  granular  protoplasm  in  th:^^^ 
younger  specimens.    In  the  older  specimens  they  are  irregular  ir  -^  ^ 
shape  and  relatively  smaller.    The  granules  are  collected  into  minut^^"  . 
globular  clusters  and  appear  in  the  sections  as  circular  or  oval  nests  cC^^^ 
nuclei.    The  testes  extend  posteriorly  nearly  to  the  reproductive  apei^^^'^ 
ture,  which  is  about  the  posterior  fourth  or  fifth  of  the  body. 

In  front  of  the  genital  aperture  there  is  a  voluminous  tube  whicl 
after  making  numerous  convolutions,  communicates  with  the  cirrus  bull 
This  tube  is  evidently  the  vas  deferens  {vide  Figs.  13, 14, 15, 16).  I 
sections  of  a  large  specimtn  it  was  seen  to  contain  numerous  mi 
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of  minute,  short  filaments  felted  together  (Fig.  21,  ,s).  These,  when 
isolated,  appear  as  slender  filaments  with  a  black  speck  at  one  end. 
They  are  presttmably  spermatozoa.  I  was  not  able  to  demonstrate 
any  communication  between  the  testes  and  the  vas  deferens  from  my 
sections.  The  wall  of  the  eirrus-bulb  is  thick  and  well  supplied  with 
circular  muscular  fibers,  and  within  there  are  numerous  retractile 
muscular  fibers.  The  cirrus  was  retracted  in  all  the  specimens.  The 
aperture  of  the  cirrus,  as  seen  in  section  through  the  retracted  organ,  is 
quite  irregular,  with  puckered  walls  and  its  longer  axis  transverse  to  the 
long  axis  of  the  body  (Fig.  19,  c  t). 

The  germ  gland  or  ovary  lies  transversely  across  the  body  about 
midway  between  the  genital  aperture  and  the  posterior  end  (Figs. 
13, 14, 15,  g).  It  is  a  single  organ,  though  comprising  two  marginal 
lobes  with  a  narrower  connecting  part.  The  latter  disappears  in 
specimens  which  have  become  replete  with  ripe  ova,  while  the  marginal 
lol»e8  still  remain  (Fig.  14,  g).  In  such  cases  there  appear  to  be  two 
ovaries.  In  Fig.  13  there  appear  to  be  two  ovaries.  The  sketch  was 
made  ficom  a  section  which  passes  on  the  dorsal  side  of  the  part  which 
connects  the  marginal  lobes.  It  is  thus  seen  that  the  marginal  portions 
of  the  ovary  extend  farther  toward  the  dorsal  side  than  the  part  which 
connects  them.  The  ovaries  are  made  up  of  nucleated  cells  closely 
and  uniformly  packed  together.  They  do  not  lie  in  clusters  or  nests  like 
the  granular  nuclei  of  the  testes  and  the  vitelline  glands.  In  the  older 
specimens,  however,  the  ovary  appears  to  be  broken  up  into  lobular 
portions  (Fig.  14,  g).  The  ovary  as  a  whole  lies  nearest  the  ventral  face 
of  the  body. 

The  vitellaria  (Figs.  13, 14, 15,  vg)  in  the  younger  specimens  are  seen 
to  consist  of  two  marginal  glands  which  connect  with  a  posterior  gland 
lying  behind  the  ovary.  In  the  adult  specimens  this  organ  may  be 
divided  into  at  least  three  distinct  glands,  one  posterior  and  two  mar- 
ginal. The  vitellarian  gland  difiers  from  the  ovary  in  being  lobulated, 
and  in  the  lobules  there  are  numerous  clusters  of  granules,  appearing 
in  section  as  circles  or  oval  nests  of  nuclei.  This  organ  is  well  de- 
veloped along  each  margin  in  the  vicinity  of  the  cirrus  bulb,  extending 
forward  of  the  cirrus  bulb  for  a  short  distance  and  overlapping  the 
testes.  I  observed  small  ducts  leading  from  the  marginal  glands,  but 
found  nothing  corresponding  to  the  conspicuous  marginal  ducts  noticed 
by  Van  Beneden  in  his  account  of  the  anatomy  of  the  related  genus 
Caryaphyllceus. 

The  ducts  from  the  vitellaria  were  in  some  cases  crowded  with  small 
globular  masses,  which  apparently  originate  from  the  disintegration  of 
the  nests  of  nuclei  in  the  vitellaria.  The  exact  relation  of  these  ducts 
to  the  duct  from  the  germ  gland  was  not  certainly  made  out,  but  they 
were  so  far  traced  as  to  show  that  they  unite  with  that  duct  near  the 
median  line  on  the  dorsal  side  of  the  germ  gland  not  far  from  its  pos- 
terior border. 
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The  duct  from  the  germ  glaiid  leaves  that  orgaii  on  its  postero-dorsal 
side.  Soon  after  leaving  the  gland  it  enlarges  for  a  short  space  and 
appears  t  j  be  lined  in  the  enlarged  portion  with  cilia. 

The  vagina  opens  immediately  behind  the  cirrus  in  a  common  genital 
pore.  In  longitudinal  sections  parallel  with  the  ventral  surface  and  near 
the  exterior  it  appears  as  a  simple  transverse  slit  smaller  than  the  male 
orifice.  The  vagina  pursues  a  somewhat  tortuous  course  for  a  short 
distance  behind  the  external  opening,  during  which  time  it  lies  near  the 
ventral  surface.  It  then  dips  into  the  central  region  of  the  body  and 
passes  along  the  median  region  on  the  dorsal  side  of  the  germ  gland. 
It  enlarges  at  one  point  into  a  kind  of  seminal  receptacle  (Fig.  13,  v). 
It  appears  to  unite  with  the  germ  duct  near  the  posterior  edge  of  the 
germ  gland  and  on  its  dorsal  side. 

The  common  duct  formed  by  the  union  of  the  germ  duct  and  vagina 
soon  receives  ducts  from  the  vitelline  glands.  The  common  duct  thns 
formed,  and  which  is  the  beginning  of  the  uterus,  functions  as  »  shell 
gland.  In  Fig.  13,  o,  o  are  ova  which  lie  in  the  vicinity  of  tlie  shell 
gland.    See  also  Fig.  14  u'  and  the  ideal  sketch,  Fig.  15  sg. 

The  product  of  the  vitelline  glands  is  added  in  the  shape  of  small 
globules  of  protoplasmic  matter.  These  masses  do  not,  at  least  imme 
diately,  unite,  and  on  that  account  the  ova,  even  in  the  beginuin^  of 
the  uterus,  have  the  appearance  of  undergoing  segmentation.  In  some 
cases  I  observed  ova  that  appeared  to  be  in  the  process  of  formation. 
The  shell  was  exceedingly  thin  and  weak,  and  among  the  numerous 
non-nucleated  masses,  products  of  the  vitelline  gland,  could  be  distin- 
guished the  nucleated  germ  cell  (Fig.  12  a).  • 

The  uterus  lies  dorsally  in  the  posterior  part  of  the  body.  It  is  a 
voluminous  organ  and  when  full  of  eggs  occupies  the  greater  part  of 
the  body  behind  the  cirrus  bulb  (Fig.  14  u).  It  is  on  account  of  the 
accumulation  of  eggs  in  the  uterus  that  the  posterior  surface  of  the 
body  is  raised  into  irregular  elevations  (Figs.  1,  3,  7,  8).  The  uterus 
begins  behind  the  ovary  and  appears  to  originate  from  the  confluence 
of  the  vagina,  germ  duct,  and  vitelline  ducts.  The  first  folds  in  sec- 
tion present  a  reticulated  apjiearance  and  contain  numerous  ova  which 
have  thin  and  membranous  shells.  These  ova  are  very  irregular  i^ 
in  their  outline  Jind  are  invariably  collapsed.  Both  shell  and  contents 
stain  deeply  with  carmine.  The  perfect  ova  have  shells  that  resist  th« 
action  of  the  staining  fluid. 

From  its  origin  on  the  postero-dorsal  side  of  the  germ  gland  the  uterus 
proceeds  by  numerous  folds  anteriorly  in  the  direction  of  the  cirrus 
bulb.  It  jippears  to  terminate,  in  the  older  specimens,  in  a  jwre  imme- 
diately behind  the  cirrus,  in  close  proximity  with  the  vagina. 

The  ova  are  comparatively  large,  being  0.06  to  0.065  mm.  in  length 
and  0.03  to  0.035  mm.  in  breadth;  The  globular  masses  of  which  their 
protoplasmic  contents  are  for  the  most  part  made  up  are  0.01  mm.  and 
over  in  diameter. 
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TREMATODA. 

Encysted  Distoma  from  Leuciscus  atrakius. 
[Plate  65,  Figs.  22-25.] 

On  Jaly  30  I  examined  several  small  cUnbs  {Leudsctis  atrarius)  from 
warm  branch  of  Witch  Creek,  and  some  larger  fish  of  the  same  species 
•om  Heart  Lake.  In  these  fish  the  mesentery  and  seroas  covering  of 
le  viscera  generally  were  thickly  specked  with  minute  white  grannies, 
^hich  upon  examination  proved  to  be  cysts  containing  larval  trema- 
)ds.  In  most  cases  each  cyst  contained  but  one  larva,  but  in  one 
istance,  among  cysts  from  a  large  chub,  three  larvte  were  observed 
1  one  cyst,  and  in  several  others  two.  The  larvae  lay  in  a  transpar- 
Qt  fluid  which  was  inclosed  in  an  oval  sac  with  pellucid  walls.  The 
SU5  collapses  when  the  larva  is  liberated.  It  is  then  seen  to  consist 
f  interlacing  fibers,  the  interstices  of  which  are  filled  with  granular 
arenchyma.  The  parasites  are  too  immature  to  make  their  identifica- 
ou  certain.    I  record,  however,  the  following  characters: 

The  average  length  of  the  cysts  appears  to  be  about  0.5  mm.  An 
Icohohc  cyst  measured  0.7  mm.  in  length  and  0.5  mm.  Jn  breadth,  and 
)iitained  a  larval  distomum  0.4  mm.  long  and  0.25  mm.  broad.  Another 
urva,  liberated  from  a  somewhat  smaller  cyst,  measured  0.32  and  0.16 
tm.,  and  another  0.35  and  0.26  mm.  in  length  and  breadth,  respectively, 
another  was  0.4  mm.  long  and  0.15  mm.  thick. 

These  distoma  are  elliptical,  oblong,  or  oval  in  outline  when  viewed 
orsally  or  ventrally,  but  in  marginal  view  are  convex  dorsally  and 
>Bcave  ventrally.  The  two  suckers  have  made  their  appearance,  and 
\m  the  muscular  pharynx.  These  organs  have  about  the  same  rela- 
"Ve  positions  and  proportions  as  the  similar  organs  in  Distomum  lati- 
'Ctunij  but  there  is  no  indication  of  the  head  papillse  of  that  S|)ecies. 
he  body  is  sqmewhat  longitudinally  striated  behind  the  ventral 
3cker,  an  appearance  which  seems  to  be  due  to  the  branches  of  the 
ater-vascular  system.  There  is  a  posterior  emargination  which 
tarks  the  position  of  the  terminal  pore  of  the  water- vascular  system, 
rom  a  short  median  vessel  connecting  with  the  terminal  ijore  a  num- 
Br  of  marginal  vessels  branch  like  the  arms  of  a  candelabra.  The 
Bntral  sucker  is  well  developed,  the  oral  imperfectly  so. 

Distomum  laureatum  Zeder. 

adolphi  Entozoa  Hist.,  ii,  413;  id.,  Synops.,  113,  413;  Diesing,  Syst.  Helminth., 
380;  Dajardin,  Hist.  Helminth.,  435;  Olason,  Bitrag  till  Skandinaviens 
Helminthfauna,  1876, 24,  Taf.  i v,  Figs.  52, 53, 54. 

Body  unarmed,  depressed,  oblong,  with  short  neck.  Head  with  four 
Wj  blunt,  dorsal  papillae  and  two  ventro-marginal  lobes  on  oral  sucker, 
antral  sucker  larger  than  mouth,  sessile  but  prominent,  with  trans- 
irse  cleft- like  aperture.    Pharynx  globose  near  the  mouth,  with  short 
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oesophagus.    Intestinal  crura  continued  almost  to  the  posterior  end. 
Vitelline  glands  numerous,  not  only  occupying  the  uaargins  of  the  body 
as  far  as  the  middle  of  the  neck,  but  also  all  the  region  behind  the 
testes.    Transverse  duct  with  vitelline  receptacle  in  front  of  the  testes. 
Testes  two,  subglobose,  median,  approximate  with  each  other.    Ovarj 
globular,  one-half  the  size  of  a  testis,  remote.    Gyri  of  uterus  few, 
situated  in  front  of  the  testes.    Genital  apertures  apposed  in  middle 
of  neck.    Bursa  of  penis  long,  smooth,  cylindrical.     Excretory  vessel 
a  median  caecum,  desisting  in  front  of  testes  and  opening  in  a  posterior 
caudal  pore.    Length  G  mm.,  breadth  1.5  mm. 

This  description  is  adapted,  with  a  few  changes,  from  Olsson,  cited 
above. 

Habitat:  Salmo  mykisH,  rectum.     Heart  Lake  and  Yellowstone  Lake, 
July  and  August. 

A  distomum  which  I  have  found  frequently  in  the  Rocky  Mountain 
trout  appears  to  be  identical  with  D.  laureatum^  a  parasite  which  infests 
several  European  fishes,  e,  (/.,  ThymaUv^  vulgariSj  Coreganu^  oxyrhifn- 
chusj  and  Salmo  fario.  * 

The  dimensions  given  by  Dujardin  for  this  species  are:  Length,  2  to 
3.35  mm.;  breath,  1  to  1.22  mm. 

My  specimens,  alcoholic,  measure  from  1.5  to  4  mm.  in  length  and 
0.5  to  1.5  mm.  in  breadth.  The  length  is  in  most  cases  three 
or  four  times  the  breadth.  The  diameter  of  the  ventral  sucker  is 
about  twice  that  of  the  oral  sucker.  The  transverse  diameter  of  the 
aperture  of  the  ventral  sucker  is  three  times  its  axial  diameter.  The 
eggs  are  yellow,  elliptical,  usually  collapsed  in  alcoholic  specimens  from 
0.07  to  0.085  mm.  in  length  and  0.04  to  0.045  mm.  in  breadth. 

In  life  the  color  is  yellowish- white;  with  transmitted  light  the  eggs, 
which  are  large  and  not  numerous,  appear  golden-brown.     In  tl»e 
living  specimens  there  appeared  to  be  about  live  low,  blunt  papilla^  ou 
the  dorsal  half  of  the  circumference  of  the  oral  sucker.    Subsequent 
study  revealed  the  number  and  disposition  given  above  and  in  the 
sketches.    This  parasite  was  noticed  on  several  occasions,  but  usually 
there  were  but  few — a  dozen  or  two — ^in  each  host. 

Detailed  measurements  of  the  specimen  figured  in  Fig.  26  are  as  fol- 
lows: 

Miliinieten^ 

Length 3. 50 

Greatest  breadth .* 1. 00 

Diameter  of  anterior  sucker,  interior,  Literal 0. 17 

Diameter  of  anterior  sucker,  interior,  axial  - 1 0. 15 

Diameter  of  anterior  sucker,  exterior 0. 33 

Diameter  of  ventral  sucker,  interior 0. 30 

Diameter  of  ventral  sucker,  exterior 0. 43 
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ACANTHOCEPHALA. 

ECHINORHYNCHUS   GLOBULOSUS   Rud. 

[Plate  65,  Figs.  31,  32.] 

A  fragment  of  an  echinorhynchns  from  a  tront  {Salmo  mykiss)  col- 
lected by  Dr.  Jordan  in  Yellowstone  Lake,  in  September,  1889,  appears 
to  belong  to  this  species,  or  at  least  near  it.     The  fragment  is  the 
anterior  end  of  a  female  broken  a  short  distance  back  of  the  proboscis 
sheath.    The  length  of  the   fragment  is  3  mm.;  the  length  of  the 
proboscis  is  0.6,  and  of  the  sheath  1.2   mm.;  the  diameter  of  the 
proboscis  at  base  is  0.27,  at  apex  0.16  mm.;  length  of  hooks,  0.05  to 
0.O6  mm.    There  are»  about  ten  rows  of  hooks  and  about  the  same 
namber  in  each  spiral  visible  on  a  side,  and  about  sixteen  hooks  in  a 
vertical  row.   The  specimen  was  put  in  glycerin  to  study,  and  the  pecul- 
iar shape  of  the  proboscis  may  be  in  part  due  to  a  collapse  of  its  walls. 
The  proboscis  is  cylindrical  at  base,  tapers  abruptly  about  the  middle, 
and  becomes  cylindrical  again  towards  the  apex.    The  hooks  on  the 
slender  part  of  the  proboscis  were  somewhat  distorted.    This  feature 
appears  in  the  two  upper  right-hand  hooks  in  Fig.  32.    The  lemnisci 
were  not  clearly  made  out,  but  they  appear  to  be  shorter  than  the 
sheath. 

EcHiNORHYNciius  TUBEROSUs  Zeder. 

[Plate  66,  Figs.  33-39;  Plate  67,  Fig.  40.] 

Zeder,  Natnrg.,  163;  Riidolpbi,  Entoz.  Hist.,  ii,  257;  Synop8.,65  and  312;  West- 
rnmb,  Acanthoccph.,  9;  Creplin,  Obs.,  26;  Wiegmann's  Arcb.,  1846,  150, 
152, 154,  and  155;  Dujardin,  Hist.  Nat.  des  Helmintb.,  538;  Diesing,  Syst. 
Helmintb.,  Ji,  33;  Revision  dor  Rbyngodeen,  29. 

Proboscis  short,  clavate,  or  subglobose,  with  about  three  series  of 
liooks;  about  six  large  hooks  in  outer  series,  hooks  in  other  series 
dimiiushing  in  size  and  number  toward  base  of  proboscis.  Hooks 
loug,  slender,  recurved,  but  with  slight  outward  curve  toward  the 
point.  No  neck.  Proboscis  sheath  short.  Lemnisci  very  long  and 
slender,  in  the  males  sometimes  equal  to  more  than  one-half  the  length 
of  the  body.  Body  elongated,  attenuate  at  each  end.  Males  with 
copnlatory  bursa.  Length  of  males  from  4  to  9  mm.,  of  females  from 
10  to  15  mm. 

Habitat:  Catostomus  ardenSy  Lenciftcus  atrarhis^  intestine;  July  28, 
1890;  Heart  Lake,  Wyoming. 

I  refer  to  this  species  a  lot  of  75  echinorhynchi  from  the  intestine  of 

the  sucker  {Catostomus  ardens).    Eight  large  fish  were  examined  and 

echinorhynchi  were  found  in  most  of  them.  ^  I  also  refer  to  the  same 

species  a  single  specimen  from  the  intestine  of  a  chub  {Leuciscus  atra- 

ritu).    Th«  majority  of  th«  specimens  of  the  first  lot  were  translucent 
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white  or  cream  color,  a  few  were  lemon-yellow,  and  a  few  orang 
yellow.  The  specimen  from  the  chab  was  a  male  6  mm.  in  length  ai 
of  a  rusty  yellow  color.  In  a  few  cases  external  pores,  with  elevab 
thickened  borders,  were  observed,  similar  to  w^hat  I  have  recorded 
E.  dgilis  (Report  of  Commissioner  of  Fish  and  Fisheries,  1886,  p.  49( 
One  of  these  is  shown  in  Fig.  40.  The  bodies  of  the  alcoholic  spa 
mens  are  arcuate;  the  proboscis  is  usually  inclined  nearly  at  rig 
angles  to  the  body;  the  terminal  aperture  of  the  female  is  lateral ue 
the  posterior  end.  The  lemnisci  are  proportionally  longer  in  themal 
than  in  the  females.  The  length  is  not  well  shown  in  Fig.  38,  whii 
was  sketched  from  a  specimen  in  glycerin,  in  which  the  lemnisci  d 
not  show  plainly.  They  frequently  extend  far  beyond  the  first  test 
and  are,  moreover,  often  more  or  less  folded.  The  testes  are  lar| 
oblong,  and  approximate.  The  vas  deferens  is  large;  the  prostatic sa 
appear  to  be  represented  by  a  single  elongated  gland  lying  paral 
with  the  vas  deferens;  the  ejaculatory  duct  and  bursa  are  both  re 
tively  large. 

The  ovarian  masses  are  ellipsoidal.  The  dimensions  of  a  typical  ms 
were,  length  .14  mm.,  other  diameters  about  .07  mm.  The  fusifoi 
embryos  were  .035  mm.  in  length,  and  .015  mm.  in  breadth.  The  oul 
cells  of  the  ovarian  masses  are  the  largest  and  are  nucleated. 

The  body  wall  near  the  anterior  end  is  thin,  as  shown  in  Fig. 
Towards  the  median  and  posterior  region  the  subcuticular  fibrous  la; 
thickens  greatly  and  contains  the  relatively  large  branching  vessel^: 
the  water- vascular  system.    Some  of  the,  latter  may  be  seen  in  opti 
section  in  Fig.  38. 

The  following  measurements  were  obtained  from  typical  alcoh< 
specimens : 


Meafliireiupnts. 


Length 

Length  of  proboNcis 

Diameter  of  proboscis 

Length  of  proboscis  sheath 

Length  of  lemnisri 

Length  of  Lurgest  hooks  ou  proboscis . 


Male. 

Female, 
mm. 

mm. 

6.00 

10.00 

0.25 

0. 15 

0.2U 

0.15 

0.50 

0.40 

3.00 

1.50 

0.07 
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NISMATODA. 

The  nematods  infestiDg  the  fishes  of  the  National  Park  do  not  appear 
3  be  very  numerous  either  as  to  species  or  individuals.  Moreover, 
tie  specimens  which  were  found  on  the  expedition  were,  with  the  ex- 
eption  of  those  of  one  species,  encysted  or  otherwise  immature  forms, 
ince  there  is  much  consequent  uncertainty  attending  their  proper 
lentification  I  shall  refer  to  them  somewhat  cursorily  under  the  head 
f  the  several  hosts. 

SALMO  MYKISS. 

A  parasite  which  is  found  rather  frequently  in  greater  or  less  abun- 
ance,  usually  in  the  vicinity  of  the  pyloric  cceca  of  the  trout;  agrees 
ery  closely  with  Daenitis  glohosa  Dujardin,  from  Salmofario, 

The  species  D.  glohosa  is  not  recognized  by  Von  Linstow  in  his  "  Com- 
endium  der  Helminthologiej^^  but  is  apparently  regarded  by  him  as  iden- 
ical  with  Cucullanus  globosus  Zeder.  On  account  of  its  close  agreement 
rith  Dujardin's  description  of  D,  globoea^  I  have  used  that  name  in  the 
ixplanatiou  of  the  figures  (PI.  67,  Figs.  41  to  46). 

There  appear  to  be  two  varieties  of  this  worm,  or  at  least  of  the 
females.  In  one  the  body  is  slender,  almost  filiform,  the  female  being 
twice  as  long  as  the  male.  In  the  other  the  body  is  not  so  slender  and 
there  is  not  much  difference  between  the  sexes  with  resi)ect  to  the 
length  of  the  body.  This  feature,  however,  may  be  accidental, 
lliis  worm  may  be  described  as  follows: 

Body,  white,  usually  slender,  nearly  linear,  anteriorly  narrowing  into 
a  neck,  which  expands  into  a  head  that  is  wider  than  the  neck,  marked 
with  longitudinal  stride  and  with  indistinct  transverse  strite.  Head 
Bubglobose,  with  two  rather  thin  and  corneous  lips,  the  mouth  a  tri- 
aogolar  slit  narrowing  dorsally.  The  hea<l  is  usually  deflected  dor- 
uilly  by  a  curve  in  the  neck,  which,  resembles  a  crosier.  There  is  a 
tmall  nodular  eminence  on  the  dorsal  side  of  the  head.  (Esophagus 
rith  thick,  strong  walls.  Female  with  body  usually  twice  the  length 
f  the  male;  reproductive  aperture  with  border  raised  into  prominent 
MBj  situated  about  the  posterior  third;  x)08terior  end  acuminate, 
[ale  usually  about  half  the  length  of  the  female,  x)OSterior  end  strongly 
^curved  ventrally  with  a  pair  of  sabre-shaped  spicules  and  a  short, 
lant  process  behind  the  pair  of  spicules  and  a  broad  sucker  like 
epression  in  front  of  the  spicules  bearing  the  anal  aperture  near  its 
aterior  end. 

LeDgth  of  females,  8  to  15  mm.;  of  males,  7  mm. 

One  of  the  long,  slender  females  was  12  mm.  long  and  0.2  mm.  in  diam- 
er;  one  of  the  shorter  kind  was  8  mm.  long  and  0.3  mm.  in  diameter. 

male,  corresponding  in  appearance  with  the  latter,  was  7  mm.  long 
id  0.27  mm.  in  diameter.  These  dimensions  are  of  alcoholic  specimens. 
lie  following  additional  measurements  were  made,  also  on  alcoholic 
lecimens.    The  dimensions  are  given  in  millimeters:    Male,  length 
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7.00;  greatest  diameter,  0.25;  diameter  of  head,  0.20;  diameter  of  iieck, 
0.13;  lengtliof  neck,  1.00;  length  of  caudal  spine,  0.15.  Female,leDgth 
15.00;  greatest  diameter,  0.40;  diameter  of  head,  0.25 ;  diameter  of  neck, 
0.17;  length  of  netik^  1.20.    Genital  pore,  5  mm.  from  posterior  end. 

These  parasites  were  met  with  frequently  in  the  trout  of  Heart  Lake 
and  in  those  of  Yellowstone  Lake  and  the  river.  Their  favorite  resting- 
l)lace  is  in  the  alimentary  canal  in  the  vicinity  of  the  pyloric  coeca. 

Encysted  Specimens  of  D.  globosa. 

• 

This  worm  was  also  found  in  cysts  which  usually  appeared  as  pedic- 
ulated  tumors  within  the  body  cavity  of  the  trout.  It  frequently  hap- 
pened that  among  the  cysts  of  Dihoihrium  cordicepSy  found  in  the  body 
cavity  of  the  trout,  there  would  be  a  few  cysts  which  differed  some 
what  in  appearance  from  the  former.  These,  when  opened,  collapsed 
on  account  of  the  liberation  of  a  thin,  watery,  granular  fluid,  in  which 
there  was  invariably  a  small  nemated  worm.  These  proved,  upon  subse- 
quent examination,  to  be  specifically  identical  with  the  worms  from  the 
alimentary  canal  which  I  have  referred  to  D.  globosa. 

These  cysts  are  easily  distinguished  from  the  dibothrium  cysts  by 
their  difference  in  color  and  resistance  to  pressure.  The  cysts  of  i)i- 
hothrium  cordiceps  are  white,  firm,  and  resistant.  The  nematod  cysts 
are  yellowish  or  flesh-colored,  and  are  soft  and  yielding.  Moreover, 
they  are  usually  suspended  by  a  peduncle  and  are  covered  by  a  layer 
of  the  peritoneum,  which  is  richly  supplied  with  blood  vessels.  The 
worm  which  is  liberated  from  the  cyst  is  altogether  disproportiooate  iD 
size  to  the  containing  cyst.  The  worm,  even  from  a  cyst  10  mm.  in 
diameter,  may  be  so  small  as  to  be  easily  overlooked  amidst  the  graun- 
lar  fluid  which  escapes  when  the  wall  of  the  cyst  is  ruptured.  These 
cysts  usually  occur  on  the  rectum  or  along  the  course  of  the  lower 
intestine.  They  are  sometimes  found,  however,  in  the  vicinity  of  the 
pyloric  coeca. 

A  cyst  measuring  15  by  9  by  7  mm.  in  its  three  dimensions,  which 
had  been  preserved  in  alcohol,  was  opened.  The  walls  were  0.5  mm. 
thick,  and  the  contents  were  granular  and  whitish.  The  cyst  was  cov- 
ered by  a  layer  of  peritoneum,  which  contained  capillary  blood  vessels. 
The  worm  which  was  liberated  was  8  mm.  in  length.  Another  cyst,  4 
by  5  by  3  mm.  in  its  three  dimensions,  contained  a  small  male  worm  4 
mm.  long.  The  nematods  obtained  from  these  cysts  were  all  immature 
and  belonged  to  the  same  species,  Dacnitis  globosa.  Sections  of  the^e  |i 
cysts  show  that  their  walls  are  made  up  of  a  number  of  concentric 
layers,  rather  loosely  connected  and  often  poorly  defined,  and  with 
numerous  nuclear  granules  in  and  among  the  layers. 

In  addition  to  Dacnitis  globosa^  and  associated  with  it,  I  found  a  fe^  |^ 
forms  that  I  have  not  been  able  to  identify.    One  of  these,  a  sinpl** 
specimen  of  which  was  found,  is  an  immature  form  of  a  rather  stout 
nematod,  length  14  mm.,  breadth  0.5  mm.    It  tapers  gradually  toward 
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tJie  anterior  end  and  a  little  'more  rapidly  toward  the  posterior  end. 
rhe  body  is  marked  by  five  longitudiual  striae  aud  a  broad  longitudinal 
»tripe  on  each  side;  there  are  a  few  transverse  wrinkles  for  a  distance 
>f  about  0.3  mm.  from  the  anterior  end.  The  mouth  appears  to  be 
umple  and  there  is  no  oesophagus.  Another  is  a  fragment,  the  pos- 
«rior  end  of  a  female,  length  11  mm.,  breadth  0.5  mm.  This  fragment 
8  cylindrical;  posterior  end  rather  blunt.  In  ox)tical  section  the  body 
bppears  to  be  crenulated,  owing  to  the  deep  transverse  striaj.  The  iu- 
estine  is  dark  brown  and  the  anal  aperture  nearly  terminal. 

Another  species,  which  bear^  some  resemblance  to  Ascaris  tenuissima 
Seder,  was  found  in  the  trout  (Figs.  47-51).  These  are  slender,  white 
rorms,  tapering  gradually  towards  the  anterior  end  from  about  the 
losterior  third;  posterior  end  larger  except  at  the  extremity,  where  it 
apers  rather  abniptly  to  a  blunt,  slightly-curved  point,  behind  the 
mal  a])erture  (Fig.  49).  Head  small,  truncate,  .mouth  apparently- 
rilobed.  Body  marked  by  regular  transverse  stri»,  making  serrate 
oargins  in  optical  sections  near  anterior  end,  the  serrations  becoming 
trenolate  posteriorly.  The  oesophagus  is  short,  with  what  1  take  to  be 
i  chitinous  ring  at  base.  The  few  specimens  which  I  have  found  are 
mall.  The  following  measurements  were  obtained  from  a  female, 
Lii^ensions  given  in  millimeters:  Length,  7;  diameter  of  anterior  end, 
LOS;  post  anal  diameter,  0.04;  diameter  immediately  in  front  of  anal 
aperture,  0.06;  greatest  diameter  of  body  about  0.12;  ova,  0.04  by  0.02 
CI  diameter.  The  length  of  a  male  was  found  to  be  4  mm.  Spicules, 
t,  diverging.  Q^nital  aperture  of  female  about  posterior  third,  vulva 
Prominent.  My  specimens  do  not  present  many  characteristic  details 
f  structure,  and  I  am  not  able,  without  more  careful  examinations  of 
ections,  to  reach  a  satisfactory  conclusion  with  regard  to  their  classi- 
ication. 

Some  small  nematods  encapsuled  in  the  muscular  walls  of  the  intes- 
ine  of  the  trout  were  found,  some  of  which  appear  to  be  immature 
brms  of  the  foregoing.  These  worms  are  very  small,  hardly  exceeding 
» mm.  in  length,  and  many  of  them  not  more  than  2  mm.  long.  One  of 
bem,  which  measured  2  mm.  in  length,  was  0.06  mm.  in  diameter,  and 
or  the  greater  part  of  its  length  was  filled  with  polygonal  nucleated 
«ell8  about  0.02  mm.  in  diameter.  The  body  tapers  abruptly  at  the 
K)8t-erior  end,  but  more  gradually  towards  the  anterior  end.  The 
tioath  appears  to  be  three-lobed  and  surrounded  by  about  five  minute 
Papillae.  The  chitinous  cuticle  is  uniformly  and  minutely  marked  with 
ransverse  striae.  This  feature  in  optical  section  produces  serrate 
largins,  the  teeth  of  which  are  about  0.01  mm.  apart.  In  one  the  anal 
perture  was  found  to  be  0.2  mm.  from  the  posterior  end.  In  another 
f  these  encapsuled  nematods,  which  was  stouter  than  the  ones  just 
escribed,  the  polygonal  cells  were  present  and  also  minute  cells  about 
002  mm.  in  diameter,  which  filled  a  large  part  of  the  body.  The 
agtb,  of  this  specimen  was  3  mm.,  the  diameter  0,2  mm.    In  this  speci- 
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men  the  margius  in  optical  section  are  crenalate  and  the  body  tapers 
towards  each  end.  I  can  not  refer  this  specimen  to  any  species  with 
any  degree  of  certainty.  The  former  encapsuled  specimens  are  evi- 
dently young  forms  of  those  which  1  have  referred  provisionally  to 
Aacaris  tenuissimaj  although  they  present  some  resemblance  to  Ascarif 
capsularia  Budolphi. 

LEUCISCUS  ATRARIUS. 

The  nematods  secured  from  this  fish  were  few  in  number.  They  were 
found  only  in  the  body  cavity,  where  they  were  coiled  up  under  the 
external  tunic  of  the  viscera.  They  are  all  apparently  larval  ascaridse, 
although  on  account  of  their  rudimentary  condition  I  have  not  been 
able  to  identify  them  with  certainty. 

One  specimen  obtained  from  the  serous  coat  of  the  intestine  of  its 
host  appeared  to  be  i^jBar  the  stout  nematod  from  S,  mykiss  mentioned 
above.  It  was  17  mm.  in  length.  Its  greatest  breadth  wa«  0.6  mm. 
near  the  posterior  end.  Its  diameter  at  the  anterior  end  was  0.25  mm. 
The  living  worm  was  for  the  most  part  brownish  red  in  color.  Wheu 
the  alcoholic  specimen  was  examined  it  was  found  to  be  partly  envel- 
oped in  a  thin,  transparent,  chitinous  investment,  which,  when  lemoved, 
revealed  a  smooth  cuticle,  with  a  broad,  prominent  lateral  line.  The 
breadth  of  the  lateral  lines  was  about  0.07  mm.  at  the  anterior  end,  in 
creasing  to  0.1  mm.  toward  the  posterior  end.  The  surface,  except  along 
the  lateral  regions,  presented  a  reticulated  or  squamose  api)earance. 
When  the  specimen  was  placed  in  glycerin  the  reticulations  were  no 
longer  visible.  Fine  transverse  fibers  and  strong  longitudinal  fibers, 
however,  became  visible  in  the  cuticle. 

The  neck  is  continuous  with  the  body,  the  head  narrow,  truncate, 
mouth  terminal,  with  rudimentary  lips.  The  body  is  gradually  atten- 
uate anteriorly,  but  tapers  abruptly  and  somewhat  unequally  on 
opposite  sides  to  the  rather  blunt  posterior  end ;  anal  aperture  terminal 
At  the  posterior  end  there  is  a  minute,  bluntly  rounded,  papillary 
spine,  0.012  mm.  in  length.  Nothing  could  be  made  out  with  regard  to 
the  oesophagus  or  genital  organs. 

In  addition  to  the  above,  some  small  white  nematods  were  obtained 
from  the  mesentery.    These  were  about  7  mm.  long  and  0.35  mm.  in  the 
greatest  diameter.    The  anterior  end  is  nearly  truncate  and  0.1  mm.  in 
diameter.    The  body  tapers  nearly  uniformly  to  each  extremity,  but  in 
some  more  abruptly  towards  the  posterior  end.    The  lateral  lines  are 
prominent.    The  surface  of  the  body  is  smooth,  the  longitudinal  muscles 
well  developed,  giving  a  longitudinally  striated  appearance  when 
magnified;  transverse  strisB  are  not  visible  in  alcoholic  specimens, but 
become  visible  when  treated  with  glycerin.    The  number  of  oral  lobes 
is  not  definite,  but  there  are  several  small  oral  papilloB.    The  genital 
organs  are  rudimentary,  the  anal  aperture  terminal.    These  specimens 
resemble  the  larger  specimen  closely,  but  in  life  were  white,  while  tbe 
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larger  specimen  was  brownish  red.    They  are  also  mucli  like  the  speci- 
mens mentioned  below  firom  the  sacker. 

CATOSTOMUS  ABDBNS. 

Bnt  one  species  of  nematod  was  found  in  this  fish.  These  were  slender 
white  worms,  found  in  the  intestine  of  their  host,  where  they  were 
associated  with  Uchinorhynchus  glohuloBus  and  MoTwbothrium  terebrans. 
They  were  from  6  to  8  mm.  long  and  about  0.3  mm.  in  diameter.  They 
taper  toward  each  end  alike.  The  body  in  alcoholic  specimens  appears 
to  be  marked  with  fine  longitudinal  striae.  The  lateral  lines  are  promi- 
nent. When  treated  with  glycerin  fine  transverse  strise  became  visible. 
The  lips  are  not  well  defined,  but  are  apparently  three  in  number,  with 
several  minute  papillae.    The  reproductive  organs  are  rudimentary. 

In  the  absence  of  distinct  characters,  it  is  of  necessity  impossible  to 
refer  these  larval  nematods  to  established  species. 

Washington  and  Jefferson  College, 

Washington,  Pa.j  April  5, 1891. 

H.  Mis.  113 36 
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BXPLAKATIOH  OF  PX.ATB8. 

PJL.ATK  63. 

Monohoihrium  terebrans  sp.  nov. 

Fig.  1.  Adult;  a,  head;  b^  posterior  end;  c,  genital  pore,  X  3^. 

Fig.  2.  Smaller  specimen,  dorsal  view,  X  18. 

Fig.  3.  Posterior  en«l  of  adult,  ventral  view ;  c,  genital  pore,  X  14. 

Fig.  4.  Small  specimen,  dorsal  view,  X  14. 

Fig.  5.  Anterior  end  of  adult,  marginal  view,  x  14. 

Fig.  6.  Anterior  end  of  adult,  dorsal  view,  X  14. 

Fig.  7,  Posterior  end  of  adult,  dorsal  view,  X  14, 

Fig.  8.  Posterior  end  of  adult,  marginal  view,  X  14. 
Figs.  5  to  8  are  sketched  fVom  the  same  specimen. 

Fig.  9.  Median  longitudinal  section  of  anterior  end  of  small  speoimen,  panllcl 
with  a  dorsal  surface,  X  200. 

Fig.  10.  Transverse  section  near  apex,  of  small  Hpecimen ;  r,  cuticle ;  if,  vessel  of 
water-vascular  system,  X  200. 

Fig.  11.  Egg,  sketched  from  section  of  young  specimen,  showing  eggs  in  tiie 
uterus,  X  375. 

Fig.  12.  Egg,  from  one  of  the  posterior  convolutions  of  the  uterus  of  a  yoong 
specimen ;  a,  germ  cell ;  the  remainder  of  the  contents  consisto  of 
globular  masses  from  the  vitelline  gland,  X  375. 

Fig.  13.  Longitudinal  section  through  the  posterior  region  of  a  small  specimen;  e, 
cuticle;  ci,  cirrus  and  cirrus-pouch;  e,  epidermis;  g  g,  marginal  lobes 
of  germ  gland;  Im,  longitudinal  muscles ;  o  o,  eggs  in  ]>osterior  con- 
volutions of  the  uterus ;  «c,  subcuticular  fibro-granular  layer ;  i,  testes; 
nil,  uterus;  v,  seminal  recejitaclc  of  vagina;  vd,  vas  deferens;  tgti^i 
marginal  and  posterior  vitelline  glands,  X  300. 

Plate  64. 
Monoboihrium  ierebrawe  sp.  nov. 

Fig.  14.  Longitudinal  section  through  tho  posterior  region  of  an  adult  specimen,  X 

60;  tt,  shell  gland;  other  letters  as  in  Fig.  13. 
Fig.  15.  Diagrammatic  sketch  showing  position  of  genitalia;  r,  vagina;  r',  seminftl 

receptacle ;  g,  shell  gland ;  other  letters  as  in  Fig.  13. 
Fig.  16.  Transverse  section  through  bo«ly  in  region  of  cirrus  bulb  of  adult,  X  ^t 

/,  longitudinal  muscles  in  subcutaneous  fibro-granular  layer;  ir,  vessel* 

of  water- vjiscnlar  system ;  otber  letters  as  in  Fig.  13. 
Fig.  17.  Transvei'se  section  of  body- wall  in  front  of  cirrus,  X  210;  /,  longitudinal 

subcutaneous  fibers ;  other  letters  as  in  Fig.  13. 
Fig.  18.  From  transverse  section  in  front  of  germ  gland,  x  210;  r,  ciliated  duct 

vagina;  g,  germ  gland;  /m,  longitudinal  muscles;  o,  egg  in  uterns; 

Uy  uterus. 
Fig.  19.  Longitudinal  section  near  ventral  surface;  cij  cirrus;  r,  vagina,  x  300. 
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PUkTB  65. 

Monoiothrium  terebrans  ap.  nov. 

K).  Longitadinal  sectioo  of  body  wall  near  posterior  end;  0,  epidernuB;  0, 
cuticle;  l,  longitudinal  subcuticular  fibers;  sc,  subcuticular  fibro- 
granular  layers;  n,  nucleated  cell;  Im,  longitudinal  muscle  layer;  g, 
nucleated  cells  of  germ  gland,  x  300. 

SI.  LfOngitndinal  section  through  vas  deferens ;  vd,  vas  deferens ;  s,  masses  of 
spermatosoa,  X  375. 

EnotfHed  distomnmfrom  Leueimme  atrarims, 

!2.  Young  distomum  in  cyst,  from  body  cavity  of  LeueiscuB  atrariuB,  X  60. 
S3.  Same  liberated  from  oyst^  X  60;  w,  terminal  pore  of  water  vascular  system. 
U,  Cyst  with  three  distoma,  from  same  host. 
25.  Cyst  with  two  di stoma,  from  same  host. 

Diatomum  luureatum  Zeder. 

i6.  Ventral  view  of  specimen  in  carbolic  acid  and  turpentine ;  X  24,  a,  month 
and  anterior  sucker;  ph,  pharynx;  c,  cirrus;  h,  ventral  sucker;  o,  eggs 
in  uterus,  walls  of  latter  organ  not  clearly  defined  in  specimen ;  w, 
ovary;  vd,  vitelline  duct;  t,  testes;  vgj  vitelline  glands. 

37.  Marginal  view  01  anoDuer  specimen,  x  22. 

?8.  Ventral  view  of  anterior  end. 

29.  Dorsal  view  of  same  specimen  figured  in  No.  28. 

V>.  Ventral  view  of  anterior  end  of  specimen  4.5  mm.  in  length,  x  45. 

Echinarhynchus  glohuloaua  t  Rud. 

}1.  Sketch  of  a  fragment,  the  anterior  end  of  an  eohinorhynchus  from  Salmo 
mykiea;  length  of  fragment,  3  mm.  Specimen  in  glycerin  when 
sketched ;  anterior  end  of  proboscis  apparently  collapsed. 

12.  Hooks  of  same  near  base  of  proboscis. 

Plate  66. 
Echinorkyncktia  iuberoaua  Zeder. 

13.  a,- Anterior  end  of  9   X  12;  <£,  posterior  end  of  same,  X  12;  5,  hooks  of 

proboscis;  0,  same,  specimen  in  caustic  potash,  showing  basal  sup- 
ports, highly  magnified.  • 
J4.  Portion  of  proboscis  of  9  in  glycerin. 

35.  Anterior  end  of  9 ;  optical  section,  Z,  lemnisci ;  a,  sheath  of  proboscis ;  a, 

cuticular  pore;  o,  eggs;  6,  ovarian  masses,  x  14;  ova  X  about  30. 

36.  Transverse  section  through  anterior  end,  c,  cuticle;   {,  longitudinal  sub- 

cuticular fibers ;  a  c,  subcuticular  granulo-fibrous  layer ;  6*m,  circular 
muscles;  Im,  longitudinal  muscles  forming  a  sheath  for  the  lemnisci; 
II,  lemnisci;  v,  longitudinal  vessel  of  same ;  a,  wall  of  proboscis  sheath; 
ng,  nerve  ganglion ;  r,  retractor  muscle  of  proboscis. 

37.  Transverse  section  through  nerve  ganglion,  more  highly  magnified  than 

Fig.  96;  n  g,  nerve  ganglion. 

38.  Optical  section  of  ^  in    glycerin;    a,  h,  c,  hooks    of  proboscis.    Other 

specimens  were  observed  in  which  the  lemnisci  were  relatively  con- 
siderably longer  than  shown  in  this  sketch.  X  9. 
Figs.  33  to  38  sketched  from  specimens  from  Catoatomua  ardens. 

39.  Head  of  5  from  Leuoiaons  airariua. 
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Platb  <r7. 
Eehinorhyn6ku9  tuberofut  Zeder. 
Fig.  40.  Anterior  end  of  ^  from  Cato§tamu$  ardent, 

Diumitis  globoea  Dnjardin. 

Fig.  41.   ^  and  $  X  H. 

Fig.  42.  Side  view  of  head  of  ^,  optical  section;  o,  mouth;  ph^  pharynx,  X  60. 

Fig.  43.  Anterior  end  of  9  ;  a,  front  view  of  head,  x  60. 

Fig.  44.  Posterior  end  of  S  i  ^t  ▼ont;  Bi,  anal  spines,  X  GO. 

Fig.  45.  Same,  optical  section,  X  60. 

Fig.  46.  Vulva  of  9 ,  highly  magnified. 

Undetermined  species  of  yematode. 

Fig.  47.  Small  nematod,  9,  from  Sdlmo  mykiee,  x  12. 

Fig.  48.  Anterior  end  of  same,  X  185. 

Fig.  49.  Posterior  end  of  same,  X  185. 

Fig.  50.  Same  species,  5 ,  x  12. 

Fig.  51.  Posterior  end  of  same,  X  185. 

Fig.  52.  Small  nematods  from  Catostomus  ardene,  X  3^. 

Drawings  by  the  author  from  alooholic  speoimena. 
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which  he  names  ^^planktology";  the  distinctions  which  he  points  out 
between  the  varied  constituents  and  distribution  of  the  plankton;  and 
finally  his  extremely  valuable  suggestions  for  further  work  in  the  field 
which  he  so  justly  terms  <^a  wonder-land." 

In  the  translation  the  liberty  of  omitting  a  few  personal  references 
was  taken,  for  the  reason  that  we  in  this  country  know  very  little  of 
the  fitcts  which  have  called  them  forth. 

In  the  case  of  several  Grenuan  words  it  has  been  found  necessary  for 
the  sake  of  clearness  to  use  a  circumlocution.  For  instance,  I  can  recall 
no  English  equivalent  for  "  Stoffwechsel  des  MeereSj"  which  would  con- 
vey its  meaning  in  a  single  word.  The  ^^  cycle  of  matter  in  the  sea," 
t.  a.,  the  change  of  inorganic  matter  into  vegetable  and  animal  organic 
matter,  and  this  finally  again  into  inorganic  matter,  seemed  the  best 
rendering,  though  even  this  does  not  include  all  which  the  German  tenn 
implies. 

I.— HISTOXUCAIt  BZPLAKATION8. 

For  the  great  progress  made  in  the  last  half  century  in  our  knowledge 
of  organic  life,  we  are  indebted — next  to  the  theory  of  development— in 
a  great  measure  to  the  investigation  of  the  so-called  ^<  pelagic  animal 
world."  These  wonderful  organisms,  which  live  and  swim  at  the  surface 
of  the  sea  and  at  various  depths,  have  long  aroused  the  interest  of  sea- 
farer and  naturalist,  by  the  wealth  of  the  manifold  and  strange  forms, 
as  well  as  by  tlie  astonishing  number  of  individuals — ^these  have  been 
referred  to  in  many  old  as  well  as  in  recent  narratives.  A  considerable 
number  of  these,  especially  of  the  larger  and  more  remarkable  forms, 
were  described  and  figured  in  the  last,  or  in  the  first  half  of  the  present, 
century.  The  new  and  comprehensive  investigation  of  the  '^  pelagic 
world"  began  in  the  fifth  decade  of  our  century,  and  is  therefore  not 
yet  60  years  old. 

Into  this,  as  into  so  many  other  regions  of  biology,  the  great 
Johannes  Miiller,  of  Berlin,  equally  distinguished  in  the  realms  of 
morphology  and  physiology,  entered  as  a  pioneer.  He  was  the  first 
who  systematically  and  with  great  results  carried  on  the  '^pelagic 
fishery  by  means  of  a  fine  net."  In  the  autumn  of  1845,  at  Helgoland, 
he  began  his  celebrated  investigations  upon  the  development  of 
echinoderms,  and  obtained  the  small  pelagic  larvas  of  the  echinoderms, 
and  other  small  pelagic  animals  living  with  them,  as  sagitta,  worm 
laxvsB,  etc.,  at  first  by  ^^microscopical  examination  of  the  sea  water, 
which  was  brought  in  "  (1).  This  wearisome  and  thankless  method  was 
soon  displaced  by  the  successful  use  of  the  ^^fine  pelagic  net."  In  the 
treatise  ^'on  the  general  plan  in  the  development  of  the  echinoderms,'' 


Note. — Citations  inclosed  in  parentheses  which  occur  in  the  text  refer  to  the  list  of 
pvblicatione  at  the  end  of  this  paper  (pp.  W>,  641). 
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MUller  eompares  the  difterent  methods  of  obtaining  them,  and  chooses, 
above  all,  ^^  fishing  with  a  fine  net  at  the  surface  of  the  sea."  He 
says: 

I  have  iis(^d  this  method  for  many  years  with  the  best  reBults;  for  the  adyanoed 
Btafi^es  of  the  swimming  larvae  aud  for  tiM  tine  of  maturity  and  metamorphosis  it 
lA  qvAtm  indispensable,  mad  m  it*  ««y  lo  1m  replaced. 

The  utadwiin  wlio,  in  1845-46,  as  well  as  in  the  following  years, 
■ncumiiianird  Johannes  Miiller  to  Helgoland  and  Trieste  (Max  MUller, 
Bnsch,  Wilms,  Wagener,  and  others)  were  introduced  into  this  method 
of  "x>^lagic  fishery'^  and  into  the  investigation  of  "pelagic  tow-stuff'' 
(peln4fische  Auftrieh)  obtained  thereby.  It  was  soon  employed  at  sea 
with  excellent  results  by  other  zoologists — ^by  T.  H.  Huxley,  by  E[rohn, 
Leuckart,  Carl  Vogt,  and  others,  and  especially  by  the  three  Wiirts- 
bnrg  naturalists,  A.  Kolliker,  Heinrich  Miiller,  and  G.  Gegenbaur, 
who  in  1852  examined  with  such  brilliant  success  the  treasures  of  the 
Straits  of  Messina.  At  this  time,  in  the  beginning  of  the  second  half 
of  our  century,  the  astonishing  wealth  of  interesting  and  instructive 
forms  of  life  which  the  surface  of  the  sea  offers  to  the  naturalist  first 
became  known,  and  that  long  series  of  important  discoveries  began 
which  in  the  last  forty  years  have  filled  so  many  volumes  of  our  rapidly 
increasing  zoological  literature.  A  new  and  inexhaustibly  rich  field 
was  thus  opened  to  zootomical  and  microscopical  investigation,  and 
anatomy  and  physiology,  organology  and  histology,  ontogeny  and 
systematic  zoology  have  been  advanced  to  a  surprising  degree.  The 
investigation  of  the  lower  animals  ha»  since  then  been  recognized  as 
a  wide  field  of  work,  whose  exploration  is  of  great  significance  for  all 
branches  of  science  and  to  which  we  owe  numberless  special  and  the 
most  important  general  conclusions. 

The  general  belief  of  zoologist-s  regarding  the  extent  of  this  rich 
pelagic  animal  world  arose  as  the  result  of  the  discovery  that  a  special 
^^  pelagic  fauna"  exists,  composed  of  many  characteristic  forms,  funda- 
mentally different  from  the  littoral  fisiuna.  This  pelagic  fauna  is  made 
up  of  animals  (some  floating  passively,  others  actively  swimming)  which 
remain  at  the  surfece  of  the  sea  and  never  leave  it,  or  only  for  a  short 
timedescend  to  a  slight  depth.  Among  such  true  "pelagic  animals'' 
are  the  radiolaria,  x>^ridinia,  noctiluca,  medusae,  siphonophores,  cten- 
ophores,  sagitta,  pteropods,  heteropods,  a  greater  part  of  the  erustacea, 
the  larvflB  of  echihoderms,  of  many  worms,  etc. 

Important  changes  were  first  made  in  the  prevailing  idea  of  the 
"pelagic  fauna"  by  the  remarkable  discoveries  of  the  epoch-making 
Challenger  expedition  (1873-1876).  The  two  leaders  of  this.  Sir 
Wyville  Thompson  and  Dr.  John  Murray,  did  not  limit  themselves  to 
their  chief  object,  th^  general  physical  and  biological  investigation 
of  the  deep  sea,  but  studied  with  equal  care  and  perseverance  the 
conditions  of  organic  life  at  the  surface  of  the  ocean  and  in  zones  of 
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6.-PLANKT0NIC  STUDIES:  A  COMPARATIVE  INVESTIGATION 
OF  THE  IMPORTANCE  AND  CONSTITUTION  OF  THE  PELAGIC 
FAUNA  AND  FLORA. 


Bt  Ernst  H^ckbl. 
[TranBlftted  by  George  Wilton  Field.] 


TRANSLATOR'S  PRBFACB. 

Prof.  HsBckel's  ^^Plankton-Stadien''  first  appeared  in  the  Jenaisehe 
ZeiUchrifij  vol.  xxy,  first  and  second  parts,  1890.  It  was  immediately 
pablished  in  separate  form  by  Oustav  Fischer,  of  Jena,  and  attracted 
inach  attention  on  the  Continent  and  in  Enfi;land.  The  subject,  <<  a 
comparative  study  of  the  importance  and  constitution  of  the  marine 
fauna  and  flora,"  is  presented  in  Prof.  HaBckel's  usual  pleasing  style, 
and  the  work  can  not  fail  to  be  of  value  to  all  interested  in  the  bio- 
logical sciences,  to  the  general  reader  as  well  as  to  the  specialist.  It 
derives  especial  interest  in  connection  with  the  work  of  the  Fish  Com- 
mission, from  its  broad  discussion  of  those  many  important  elements 
which  enter  into  the  food  supply  of  all  pelagic  fishes,  such  as  the 
mackerel  and  menhaden,  and,  considering  the  extensive  physical  inves- 
tigations now  being  conducted  in  our  coast  waters  by  the  schooner 
Chrampuij  its  publication  at  the  present  time  will  prove  exceedingly 
advantageous. 

The  terminology  used  by  Prof.  Hseckel  may  at  first  seem  formidable, 
but  this  difficulty  is  more  fancied  than  real.  The  terms  are  formed 
upon  correct  analogies,  and  most  of  them  will  probably  find  a  perma- 
nent place.  The  definite  restriction  of  the  meaning  of  terms  is  a  funda- 
mental necessity  in  every  science,  and  for  the  lack  of  this  the  branch 
of  biology  here  considered  is  in  a  very  unsatisfactory  condition.  The 
author,  first  of  all,  proposes  certain  terms  with  a  definite  meaning. 
The  word  "plankton,"  from  the  Greek  irXa^xToq^  wandering^  roaming,  was, 
I  believe,  first  employed  by  Hensen  in  place  oif  the  German  "  Auftrieb," 
to  designate  all  plants  and  animals  found  at  the  surface  of  the  ocean 
which  are  carried  about  involuntarily  in  the  water.  Hasckel  adopts  this 
term,  but  objects  somewhat  to  the  meaning  at  present  attached  to  it. 

Particularly  valuable  for  us  is  the  general  review  which  the  author 
gives  of  the  discovery  and  growth  of  oar  knowledge  of  this  branchy 
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XV.— SUBCMART  OF  THB  FLANKTONIC  OROANISBCS. 

A. — Protophytes  of  the  Plankton. 

The  unicellular  plants  (Protophyta*)  have  very  great  importance 
in  the  physiology  of  the  plankton  and  the  cycle  of  matter  in  the 
sea  {Stoffwechsel  des  Meerea)^  for  they  Aimish  by  far  the  greater  part 
of  the  fundamental  food  ( Umdkrung),  The  inconceivable  amount  of 
food  which  the  countless  myriads  of  swimming  marine  animals  consume 
daily  is  chiefly  derived,  directly  or  indirectly,  from  fche  planktonic  flora, 
and  in  this  the  unicellular  protophytes  are  of  much  greater  importance 
than  the  multicellular  metaphytes.  Nevertheless  the  natural  history 
of  these  small  plants  has  thus  far  been  very  much  neglected.  As  yet 
no  botanist  has  attempted  to  consider  the  planktonic  flora  in  general, 
and  its  relation  to  the  planktonic  fauna.  Only  that  single  class,  so  rich 
in  forms,  the  diatoms,  has  been  thoroughly  investigated  and  syBtemat- 
ically  worked  up;  as  regards  the  other  groups,  not  a  single  attempt  at 
systemization  has  been  made;  and  many  simple  forms  of  great  impor- 
tance have  lately  been  recognized  for  the  first  time  as  unicellular  plants. 
I  must,  therefore,  limit  myself  here  to  a  brief  enumeration  of  the  most 
important  groups  of  the  plankton  flora.  Its  general  extent  and  quanti- 
tative development  have  in  my  opinion  hitherto  been  much  under- 
valued, and  with  reference  to  the  cycle  of  matter  in  the  sea  {Stoffwechsel 
des  Meeres)  deserve  a  thorough  consideration.  I  find  masses  of  various 
protophytes  everywhere  in  the  plankton,  and  suspect  that  they  have 
been  neglected  chiefly  because  of  their  small  size  and  inconspicuous 
form.  Many  of  these,  indeed,  have  been  regarded  as  protozoa  or  as 
eggs  of  planktonic  metazoa. 

As  a  foundation  for  a  most  important  province  of  botany,  the  classi- 
fication of  the  protophytes,  we  must  keep  in  the  foreground  the  follow- 
ing considerations:  (1)  The  kind  of  reproduction,  whether  by  simple 
division  (Schizophyta)  into  two,  four,  or  many  parts,  or  by  formation 
of  motile  swarm-spores,  Mastigophyta;  (2)  the  constitution  of  the  phy- 
tochroms,  of  yellow,  red,  or  brown  pigment,  which  is  distributed  in  the 
protoplasm  of  the  cell  (usually  in  the  form  of  granules),  and  has  great 
significance  in  assimilation  (chlorophyll,  diatomin,  erethrin,  phseodin, 
etc.);  (3)  the  morphological  and  chemical  constitution  of  the  celUmem- 
brane  (cellulose,  siliceous,  capsular,  or  bivalvular,  etc.).  So  long  as  we 
hold  to  the  present  view  of  the  vegetable  physiologists,  that  for  the 
fundamental  process  of  vegetal  assimilation,  for  the  synthesis  of  proto- 
plasm and  amylum,  the  presence  of  the  vegetal  pigment  matter  is  nec- 
essary, we  can  regard  as  true  protophytes  only  such  unicellular  organ- 
isms as  are  provided  with  such  a  phytochrom,  but  we  will  have  to 

*  The  separation  of  the  Protophyta  from  the  Metaphyta  is  as  Justifiable  as  that  of  the 
ProioMoa  from  the  Metazoa.  The  latter  form  tissues,  the  former  do  not.  (Compare 
Katnrl.  Schopfungsgeschichte,  viii  Aufl.,  1889,  pp.  420-463.) 
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iiiclode  here  a  great  noiuber  of  protista,  which  have  hitherto  been 
reckoned  as  protozoa,  e.  g.j  the  Mwrracytecdj  JHctyochecBj  Peridineae, 
As  characteristic  and  important  protophytes  of  the  plankton  I  here 
mention  seven  groups:  (1)  ChranuLcece^  (2)  QaUocytecd^  (3)  MurracytecBy 
(4)  DiatomecBj  (5)  XantheUecBj  (6)  DiotyocheWj  (7)  Peridinece. 

1.  Chromaeew  (30,  p.  452). — In  this  lowest  vegetable  group  is  probably 
to  be  placed  a  number  of  small  ^^unicellular  algse"  of  simplest  form, 
which  occur  in  great  abundance  in  the  plankton,  but  on  account  of 
their  minute  size  and  simple  spherical  shape  have  for  the  most  part 
been  overlooked,  or  possibly  regarded  as  germ  cells  of  other  organisms. 
They  may  here  be  provisionally  distinguished  as  Procytella  primardialis. 
The  diameter  of  the  spherical  cells  in  the  smaller  forms  is  only  about 
.001  to  .005  mm.,  in  the  larger  .008  to  .012  mm,  seldom  more.  Usually 
each  cell  contains  only  one  phytochrom  granule  of  greenish  color, 
sometimes  approaching  a  yellow  or  red,  sometimes  a  blue  or  brown. 
Whether  there  is  also  a  diminutive  nucleus  is  doubtftil.  Increase  takes 
place  simply  by  division  into  two  or  four  parts,  and  appears  to  go  on 
with  excessive  rapidity,  but  swarm  spores  do  not  appear  to  be  formed. 
Hundreds  or  thousands  of  such  gi^een  spheres  may  be  united  in  a  mass 
of  jelly.  The  decision  whether  these  simplest  Chramacew  belong  to  the 
ChlarcoccecB  or  Protococceas^  or  to  some  other  primitive  protophytic  group, 
must  be  left  to  the  botanist  for  further  investigation,  as  well  as  the 
question  whether  these  diminutive  Procytelke  are  actually  true  nucleated 
cells  or  only  unuucleated  cytodes.  For  our  plankton  studies  these  are 
of  interest  only  so  far  as  they  develop  in  astonishing  quantities  in  many 
(the  colder)  regions  of  the  ocean,  like  the  diatoms;  and  with  the  latter 
form  a  great  part  of  the  fundamental  food  ( Urnahrung).  Over  wide 
areas  the  sea  is  often  colored  brown  or  gi*een,  and  they  form  the  chief 
food  (described  as  Protococcus  marinus)  of  inconceivable  myriads  of 
Qopepods,  as  Kiikenthal  lias  mentioned  in  his  <<  Contributions  on  the 
Fauna  of  Spitzbergen." 

2.  Calcocytece. — In  the  eighth  edition  of  the  ^^Naturliche  Schapfungs- 
geschichte^^  (30,  p.  437)  I  have  designated  as  Calcocytece  or  ^<  unicellular 
calcareous  algaB  "  those  important  minute  organisms  which,  as  ^^  Coe- 
eogphcBra^  Cyathoaphderaj  and  Bhabdosphceraj  play  a  great  r61e  in  oceanic 
life.  They  are  found  abundantly  in  the  plankton  of  the  tropical  and 
subtropical  seas,  less  abundantly  in  colder  zones,  and  are  never  absent 
where  pelagic  Tfialamophora  occur  in  great  numbers.  Like  the  latter, 
they  are bathyi)elagic.  Theball  of  protoplasm  which  completely  fills  the 
interior  of  the  small  calcareous-shelled  plastid  seems,  when  stained  red 
with  carmine  or  brown  with  iodine,  to  be  unnucleated,  and  therefore  a 
cytode.  The  beautiful  calcareous  plates  which  compose  the  shell  ( Cocco- 
lithaj  Cyatholitha,  Rkabdolitha),  and  which  in  the  Rhdbdosphcera  bear  a 
radial  spine,  fall  apart  after  death  and  are  found  in  great  numbers  in  all 
parts  of  the  warmer  oceans  and  in  the  globigerina  ooze  of  the  bottom. 
Murray  (5,  p.  533;  6,  p.  939)  and  Wyville  Thompson  (14,  i,  p.  222) 
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were  the  first  to  deiuonBtrate  the  wide  distribution  and  innomerable 
abundance  of  this  unicellular  calcareous  alga,  and  I  agree  with  them 
in  the  supposition  that  these  play  a  significant  part  in  the  biology  of  the 
ocean  and  in  the  formation  of  its  globigerina  ooze. 

3.  Murraeytew, — Under  this  name  I  may  here  refer  to  the  very  im- 
portant but  hitherto  neglected  group  of  planktonic  protophytes,  which 
were  first  discovered  by  John  Murray  and  described  under  Hie  name 
Pyroeystis  (5,  p.  633,  plate  xxi;  C,  pp.  935-938).  These  ^^unicellolar 
algse  "  are  transparent  vesicles,  ftom  0.5  to  1  or  1.5  millimeters  in  di- 
ameter, and  spherical,  oval,  or  spindle-shaped  in  form.  Their  simple 
continuous  cell  membrane  is  very  thin  and  fragile,  like  glass.  It  is 
stained  blue  by  iodine  and  sulphuric  acid,  and  seems  to  contain  a  small 
quantity  of  siliceous  earth.  The  contents  of  the  vesicle  is  a  vacuolated 
cell,  whose  protoplasmic  network  contains  many  yellow  granules  of 
diatomin.  The  spherical  form  (PyrocysUs  noctiluca  Murray)  is  very 
similar  in  size  and  form  to  the  common  Noetiluoa  mUkms  and  probably 
is  very  often  mistaken  for  it.  I  saw  these  thirty  years  ago  (1860)  at 
Messina,  and  later  (1866)  at  Lanzarote,  in  the  Canary  Islands. 

When  John  Murray  published  in  1876  the  first  figures  and  carefdl 
description,  he  at  first  placed  them  with  the  diatoms,  but  later  (6^  p. 
935)  he  has,  with  justice,  separated  them.  He  there  says  of  Pj^rooyiUi 
noctiluca: 

This  organism  is  everywhere  present,  often  in  enormoas  masses,  at  tiie  sorfaoe  of 
the  tropical  and  sabtropical  oceans,  where  the  temperature  is  not  more  than  20^  to  31^ 
C,  and  the  specific  gravity  of  the  oceanic  water  is  not  diminished  by  the  presence 
of  coast  and  river  water.  Pyrooyttia  shines  very  brightly ;  the  light  comes  from  the 
nucleus  and  is  ike  chief  source  of  the  diffuse  phoaphorescence  of  the  equatorial  oceana  in 
calm  weather. 

Since  these  unicellular  vegetable  organisms  do  not  have  the  char- 
acteristic bivalve  shell  or  siliceous  case  of  the  diatoms,  but  their  cell 
membrane  forms  a  completely  closed  capsule,  they  can  not  be  reckoned 
with  the  latter,  but  must  be  regarded  as  representatives  of  a  different 
group  of  protophytes,  for  which  I  propose  the  name  Murracytea:  or 
'^ glass  bladders"  {Murray  a  name  given  by  the  Romans  to  a  glasslike 
mineral— fluo8par(f) — from  which  costly  articles  are  made.)* 


*In  the  Atlantic  and  Indian  oceans  I  have  seen  great  masses  of  Murraeifieaf  and 
have  distinguished  many  species,  which  may  be  regarded  as  representatives  of  four 
genera:  (1)  Pyrooysiia  noctiluca  Murray;  spherical.  (2)  Photooyaiia  ellipaoidea  Hkl; 
ellipsuid.  (3)  Murracyatia  fuaifomiia  Hkl  {Pyrocyatia  fuaiformia  Murray);  spindle- 
shaped.  (4)  Xeciocyatia  murrayana  BM;  cylindrical.  The  lfiirraey<e«  multiply,  as 
it  appears,  only  by  simple  division  (commonly  into  two  parts,  lees  frequently 
into  four).  After  the  nucleus,  lying  eccentricaUy  or  against  the  oeU  wall,  has 
divided,  there  follows  division  of  the  soft  cell  body,  which  is  separated  finom 
the  firm  capsulelike  membrane  by  a  wide  space  (filled  with  a  jeUy).  Then  the 
membrane  bursts,  and  around  the  two  halves  or  four  tetrads  there  is  immediately 
formed  a  new  covering.  Considered  phylogenetically,  the  Murraoytea  appear  as 
very  old  oceanic  Protophytea  of  very  simple  structure.  Perhaps  they  ought  to  be 
TegBxded  as  the  ancestral  form  of  the  diatoms,  for  the  bivalvular  shell  of  ths  lattsr 
could  have  arisen  by  a  simple  IxaiWm)^  oi  tliA  Q«i\iaule  of  the  former. 
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4.  JDiai0me(B. — ^The  inconceivable  quftntities  in  which  the  diatoms 
populate  the  whole  ooeau  and  the  extraordinary  importance  which  they 
possess  as  one  of  the  most  important  constituents  of  the  ^<  fundamental 
food  supply"  ( Umahrung)  in  the  cycle  of  matter  in  the  sea  has  been 
ooBsidered  so  many  times  that  it  is  sufficient  here  to  point  to  the  com- 
paratively recent  accounts  of  Murray  (5,  p.  533;  6,  p.  737,  etc.)f  Fuchs 
(12,  p.  49),  Oastracane  (6,  p.  930),  and  Hensen  (9,  p.  80).  Earlier  the 
chief  attention  was  paid  to  the  benthonic  diatoms  which  everywhere 
cover  the  seacoast  and  the  shallow  depths  of  the  sea  bottom  in  aston- 
ishing quantities;  in  part  fixed  on  stalks,  in  part  slowly  moving  among 
the  forests  of  seaweed  and  the  fixed  animal  banks  {festsitzenden  Thier- 
hmkem)  of  the  coast.  The  importance  of  the  planktonic  diatoms  was 
recognized  much  later,  those  abounding  in  the  open  ocean  as  well  as  in 
the  coast  waters  furnishing  one  of  tiie  most  important  sources  of  food 
for  the  pelagic  animals.  The  aeeanio  diatoms^  which  often  cover  the  sur- 
£»ce  of  the  open  sea  as  a  thick  layer  of  slime,  form  another  flora,  very 
insufficiently  studied  and  characterized  by  many  forms  of  colossal  size 
(several  millimeters  in  diameter),  i>eculiarly  regular  in  form,  and  with 
extremely  thin- walled  siliceous  shells  (species  of  JEikmadi8CH9y  Ooscino- 
diseusj  Bkizosoleniaj  etc.,  discovered  in  such  numbers  by  the  Challenger). 
The  neritie  diatoms j  on  the  other  hand,  which,  swimming  free  in  no 
small  numbers,  populate  the  coast  waters,  are  less  in  diameter  and  with 
thicker  walls,  and  stand  on  the  whole  between  the  oceanic  and  littoral 
forms.  The  absolute  and  relative  quantity  of  the  planktonic  diatoms 
seems  to  increase  gradually  from  the  equator  towards  both  poles. 

Jjk  the  tropical  zone  the  pelagic  diatoms  are  much  less  developed 
than  in  the  temperate  zone,  and  here  again  much  less  tlian  in  th(^  polar 
zone.  Wide  stretches  of  the  Arctic  Ocean  are  often  changed  by  incon- 
ceivable masses  of  diatoms  into  a  thick  dark  sUme,  the  '^  black  water," 
which  forms  the  feeding-ground  of  whales.  The  pteropods  and  crus- 
taceans, ui)on  which  these  cetaceans  Uve,  feed  upon  this  diatom  slime, 
the  ^^bla<^  water"  of  the  Arctic  voyager.  I^ot  less  wonderful  are  the 
vast  masses  of  diatoms  which  fill  the  Antarctic  Ocean  south  of  the 
fiftieth  degree  of  latitude,  and  whose  siliceous  shells,  sinking  to  the 
bottom  after  the  death  of  the  organism,  form  the  diatom  ooze  ( Challenger ^ 
stations  152-157).  The  tow  nets  here  were  quickly  filled  with  such 
masses  of  diatoms  (for  the  most  part  composed  of  Chcetoceros)  that  these 
when  dried  in  the  oven  formed  a  thick  matted  felt  (6,  p.  920). 

5.  Xanthelle€B. — A  highly  important  share  in  the  cycle  of  matter  in  the 
3ea  belongs  to  the  remarkable  xanthelleae  or  ^<  yellow  cells,"  which  live 
in  symbiosis  in  the  bodies  of  many  marine  animals,  in  the  plankton  as 
wAl  as  in  the  benthos.  I  first  proved  that  these  ^^  yellow  cells,"  which 
were  observed  by  Huxley  (1851)  and  by  Johannes  Mailer  (1858)  in  the 
calymmaof  radiolarians,  were  <^  undoubted  cells,"  and  also  described 
their  structure  and  increase  by  division  (3,  p.  84),  and  later  (1870) 
showed  that  they  constantly  contained  amylum  (4,  §  90).    But  Gien- 
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kowBki  first  advanced  the  view  that  the  yellow  cells  are  indefiendeiit 
unicellalar  organisms,  parasitic  algae,  which  for  a  time  live  in  the 
bodies  of  the  radiolarians,  but  after  the  death  of  the  latter  come  forth 
and  multiply  by  division.  This  supposition  was  confirmed  experiment- 
ally by  Karl  Brandt  (24,  p.  65)  and  Patrick  C^eddes,  who  explained 
fhrther  the  nature  of  their  symbiosis,  and  finally  showed  the  wide  dis- 
tribution of  the  xanthellecB  in  the  bodies  of  numerous  marine  animals, 
as  well  as  their  production  of  zoospores  {Zooxanthellay  Fhilozoan). 
Whether  these  are  ontogenetically  connected  with  certain  *<  yellow 
unicellular  algse''  which  live  free  in  the  plankton,  remains  to  be  farther 
investigated.  Perhaps  also  in  this  group  belong  the  Xanthidea  which 
were  described  by  Hensen  (9,  p.  79)  and  Mobius  (10,  p.  124)  as  species 
of  Xanthidium  and  as  ^^  spiny  cystids,^  spherical  cells  which  reach  1 
millimeter  in  diameter,  contain  yellow  diatomin  granules,  and  multiply 
by  division.  Their  thick  hysdine  shell,  which  seems  to  consist  of 
slightly  silicified  cellulose,  armed  with  simple  or  star-shajied  radial 
spines,  is  characteristic.  I  find  these  Xanthidew  very  numerous  in 
the  oceanic  plankton.  Perhaps  the  siliceous-shelled  Xanihidiaj  which 
Ehrenberg  has  found  so  abundantly  as  fossils,  also  belong  here. 

6.  DictyoohecB. — ^The  ornamented  latticed  cases  of  the  IHctyockidaij 
formed  of  hollow  siliceous  spicules,  are  often  found  in  great  numbers  in 
the  plankton,  pelagic  as  well  as  zonary.  Although  these  have  long 
been  known,  both  living  and  as  fossils,  to  microscopists,  two  very  dif- 
ferent views  as  to  their  true  nature  are  entertained.* 

In  a  preliminary  contribution  ^<  On  the  Strnctare  of  Distephanus  {Die- 
tyocha)  speculum^  Zool.  Anzeiger,  No.  334,  one  of  my  earlier  students, 
Adolf  Borgert,  briefly  showed  that  each  single  case  contains  an  inde- 
pendent ciliated  cell.  He  therefore  considered  it  a  new  group  of  Flagd- 
latu  (or  Ma8tigophora)y  for  which  he  proposed  the  term  SilieoftageUata. 
The  ^Hwin  parts"  described  by  me  (4,  p.  1549)  he  regarded  as  a  double 
case  which  had  arisen  through  the  conjugation  of  two  individual 
flagellata.  To  my  mind  this  new  interpretation  seems  to  have  very 
considerable  probability,  although  I  do  not  regard  it  as  settled  that 
the  ciliated  cells  are  the  swarm-spores  of  the  PhcBodaHum.    In  case 

*  Ehrenberg,  who  in  1838  and  1841  first  described  the  ornamented  siliceous  skele- 
tons of  Dictyocha  and  Mesocena,  called  them  diatoms  and  distinguished  no  less  than 
60  species  of  them,  some  living,  some  fossil.  Later,  at  Messina  (1859),  I  notioed, 
inclosed  within  the  ornamented  hat-shaped  latticed  shell  a  small  cell,  and  on  that 
account  referred  it  to  the  Btuliolaria,  with  reference  partioularly  to  the  aimilar 
siliceous  skeletons  of  some  Nassellaria  ( Aoanthodeamida),  Twenty  years  later  R.  Hert- 
wig  found  a  spherical  Pkasodariumf  the  surface  of  whose  calymma  was  covered  with 
numerous  Dictyocha  little  hats  { Dictyocha- Hutchen),  and  he  therefore  believed  that 
they  must  belong  to  this  legion.  He  compares  the  single  siliceous  little  hats 
( HUtchen)  with  the  scattered  spicnles  of  the  Sphofrozoida.  In  my  Challenger  report  (4, 
p.  1558)  1  agreed  with  this  interpretation;  so  much  the  more  when  I  myself  saw  bo- 
merous  similar  Phcecystina  {Dictyocha  stapedia)  living  among  a  similar  Pkcfodaria  in 
Ceylon,  and  found  specimens  in  several  bottles  of  the  Challenger  collections,  espe- 
oiAUyfrom  Station  144,  from  the  Gape  of  Good  Hope  (4,  p.  1661,  pL  101^  Figs.  10-12). 
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the  greenish-yellow  pigment  grannies  in  the  protoplasm  of  the  Dtc- 
iyochidie  are  chlorophyll  or  phytochrom,  they  must  be  placed  with 
^<  unicellular  alga^."  If,  as  I  believe^  the  supposition  of  Borgert  is  cor- 
rect, then  the  masses  of  DietyoehidcB  shells  found  so  abundantly  in 
the  calymma  of  PKasodaricB  can  be  regarded  only  as  the  empty  shells 
of  Silicoflagellatay  which  the  skeletonless  P/i«Bod<na  has  taken  in  as  food. 
This  supposition  is  much  more  probable  since  these,  together  with  sili- 
ceous scales  of  diatoms  and  tintinnoids,  have  been  found  in  great  num- 
bers in  the  calymma  of  other  radiolarians.  This  case  would  then  be 
analogous  to  two  similar  appearances  which  I  myself  have  previously 
described,  Myxohraehia  pluteus  (4,  p.  22)  and  Dalearomma  calcarea  (4, 
p.  70,  §  102). 

7.  PeridinetB  {DinoflageUaia  or  Dinocytea^  earlier  Oilioflagellata). — 
This  group  of  Flagellata  (or  Mastigaphora)  earlier  placed  with  the  In» 
fiuariay  has  lately,  with  more  certainty,  been  recognized  as  a  proto- 
phytic  group  with  vegetable  metabolism.  They  are  represented  in  the 
plankton  by  numerous  and,  in  part,  remarkable  and  beautiful  forms, 
a  part  of  which  have  been  lately  figured  by  Stein  under  the  name 
Arikrodele  flagellata.  Many  such  forms  occur  in  the  neritic,  fewer  in 
the  oceanic  plankton,  and  often  in  such  masses  that  they  take  a  great 
part  in  the  formation  of  the  fundamental  food  supply.  Hensen  cor- 
rectly points  out  the  great  importance  of  these  Protista^  of  whose 
quantity  he  attempted  to  give  a  conception  by  counting  (9,  p.  71). 
Many  of  these  participate  in  a  prominent  way  in  the  marine  popula- 
tion {Ceratiumj  Prorocentrum,  etc.).  John  Murray  very  often  found 
chains  of  Ceratium  tripus  (each  composed  of  eight  cells)  floating  in  the 
plankton  of  the  open  ocean,  without  ciliary  movements,  while  the 
ciliated  single  cells  inhabited  the  neritic  plankton  in  vast  numbers 
close  to  the  shore.  Sometimes  these  crowds  of  Peridinem,  like  the 
diatoms,  appeared  so  abundantly  as  to  fill  the  tow  net  with  a  yellow 

slime  (6,  p.  934). 

B.— Mbtaphttbb  of  the  Plankton. 

The  only  class  of  metaphytes  which  occurs  in  the  plankton  are  the 
algse.  The  great  majority  of  this  class,  so  rich  in  forms,  belong  to 
the  littoral  benthos;  only  a  few  forms  have  adopted  the  pelagic  mode 
of  life,  and  of  these  only  two,  from  their  great  abundance,  are  of  any 
considerable  importance  in  the  oceanic  Aindamental  food  supply,  the 
Oscillatorice  which  live  in  the  depths,  and  the  Sargassa  which  grow  at 
the  surface.  A  third  group,  the  Halosphasrece^  is  much  less  abundant 
and  important,  but  of  considerable  interest  in  many  relations.* 


*  The  09€^latoTim  mnst  be  regarded  as  trae  alg»,  since  their  oharaoteristio  '^  Jointed 
threads"  {*^ Glieder-faden**)  form  an  actual  Thallus,  and  indeed  a  thread-like  thallns, 
as  in  the  drnferva.  But  on  the  same  grounds  also  we  mnst  regard  as  algm  the  Volvih 
eiiMa  and  HalotpKarea  with  spherical  thallus ;  they  are  also  mnlticellular  Meiaphfieif 
which  show  the  simplest  form  of  tissue  (Histones,  30,  p.  420).  The  foregoing  proto- 
types,  on  the  other  hand,  have  no  tissue,  since  the  entire  organism  is  only  a  «iia\^lA 
oeQ  (ProHftaj  30,  p.  453). 
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1.  Salo9ph€erece. — Under  the  name  Hdlosplucra  viridiSj  Schmiti 
(1879)  first  described  a  new  genus  of  green  algie  from  the  Mediter- 
ranean, which  appear  floating  in  the  plankton  of  the  Onlf  of  Kaples 
in  great  numbers  from  the  middle  of  January  until  the  middle  of  ApriL 
They  form  swimming  hollow  spheres,  from  0.65  to  0.62  mm.  in  diameter, 
whose  thin  cellulose  wall  is  covered  within  by  a  single  layer  of  chloro- 
phyll containing  cells  analogous  to  the  blastoderm  of  the  metazoic 
egg.  Each  of  these  epithelial  cells  divides  later  into  several  daughter 
cells,  each  of  which  forms  four  cone-shaped  swarm-spores  with  two 
ciliated  cells.  I  have  known  this  green  ball  for  thirty  years.  In  Feb- 
ruary, I860,  I  found  them  numerous  in  the  plankton  of  Messina.  I 
observed  a  second  kind  in  February,  1867,  at  Lanzarote,  in  the  Canary 
Islands.  The  hollow  spheres  found  in  the  Atlantic  are  twice  as  large, 
and  reach  a  diameter  of  1  to  1.2  mm.  They  have  pear-shaped  swarm- 
spores.  I  named  them  Salospluera  blastula.  Morphologically  these 
hollow  spherical  algas  are  of  great  interest,  since  they  are  directiy  com- 
parable to  the  blastula  (or  blastosphere  stage)  of  the  metazoic  embryo. 
As  the  latter  is  to  be  regarded  as  the  simplest  type  of  the  metazoon,  so 
Halosphcora  (like  Volvoa)  can  be  looked  upon  as  the  primitive  ancestral 
form  of  the  Metapkyta  (4,  p.  499).  Hensen  has  lately  found  numeroos 
living  fipeoimeu^  ot  Halo^hwra  viridia  in  five  hauls  from  a  depth  of 
1,000  to  2,000  meters  (10,  p.  521).  The  light  of  the  bathybio  luminifer- 
ous  animals  may  possibly  be  sufficient  for  their  metabolic  activity. 

2.  Oscillatoricd. — Like  the  diatoms  in  the  cold  regions  of  the  ocean, 
the  oscillatoriaB  {Triehodesmium  and  its  allies)  are  found  in  the  warm 
regions  in  inconceivable  quantities.  It  is  very  certain  that  the  latter, 
as  well  as  the  former,  belong  to  the  most  important  sooroe  of  the 
<^  ftindamental  food  supply."  Ehrenberg  in  1823  observed  in  the  Bed 
Sea,  at  Tur,  such  large  quantities  of  Trichodetmium  erythrcnim  that  the 
water  along  the  shore  was  colored  blood-red  by  them.  Mobius  has  re- 
cently carefully  described  the  same  thing  anew,  and  has  (quite  cor- 
rectiy)  traced  from  it  the  name  of  the  Bed  Sea  (26,  p.  7).  Later,  I  myself 
found  just  as  great  numbers  as  these  in  the  Indian  Ocean  at  Maledira 
and  (ieylon  (25,  p.  225).  In  Babbe's  collections  are  several  bottles  of 
plankton  (from  the  Indian  and  Pacific  oceans)  entirely  filled  with 
them.*  The  Challenger  found  great  quantities  of  Triehodesmium  in  the 
Arafura  Sea  and  Celebes  Sea  (6,  p.  545,  607),  and  also  in  the  Ouinea 
stream  (6,  p.  218)  ^  and  between  St.  Thomas  and  the  Bermudas  (6,  p.  136) 
wide  stretches  of  the  sea  were  colored  by  it  dark  red  or  yellowish  brown. 
Murray  fbond  it  only  in  the  superfidaJ,  never  in  the  deeper  layers  of 
the  ocean. 

3.  SargassecB. — ^The  higher  algas  are  represented  in  the  planktonic 
flora  oidy  by  a  single  group,  tlie  Sargasseasy  and  these  again  are  com- 

*In  the  collection  of  Eadiolariaf  which  may  be  pnrohaaed  from  the  fiunnliiB  Fnau 
,Fohl0,  At  Jena,  preparation  No.  5,  from  Madagascar;  contains  many  flakes  of  IUb 
OieUlaUnia. 
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monly  only  of  a  single  species,  Sargassum  Imeciferum]  but  this  has  the 
gieatest  importance,  since,  as  is  known,  it  alone  forms  the  floating 
sargasso  banks,  which  cover  such  extensive  portions  of  the  ocean.  Be- 
sides this  very  important  species,  other  fiicoids  are  found  floating  in 
the  ocean,  especially  species  of  Fuom  (F.  vesiculosusj  F,  nodoatis^  and 
others).  Btill  they  never  appear  in  such  masses  as  the  familiar  <<  berry 
weed.''  Tlie  floating  sargasso  banks  are  well  known  to  have  their  char- 
acteristic animal  life,  which  Wyville  Thompson  accurately  described 
and  fittingly  termed  nomadic  (14,  ii,  pp.  9, 339). 

This  remarkable  sargasso  fauna  bears  the  same  character  in  both  the 
Atlantic  and  the  Pacific  oceans  and  consists  partly  of  benthonic  ani* 
mids,  which  live  scRsile  or  creeping  on  the  sargasso  weed,  partly  of  plank- 
tonic  organisms  which  swim  among  the  weeds;  the  latter  are  more 
neritic  than  oceanic.  Hensen  has  lately  described  this  fauna  as  re- 
markably poor,  and  could  only  find  10  species  of  animals  in  it  (9,  p. 
246).  The  OhaUenger  found  more  than  five  times  as  many  species  in 
this  same  Atlantic  sargasso,  namely,  55  (6,  p.  136).  It  is  obvious  that 
the  remarkable  negative  results  of  Hensen  on  this  as  on  other  plank- 
tonic  questions  can  have  no  value  against  the  positive  results  of  other 
investigators. 

C. — Protozoa  of  the  Plankton. 

The  two  great  chief  groups  of  unicellular  animals,  Bhizopoda  and 
Infusoriaj  occur  m  the  ocean  in  very  different  proportions,  in  the 
reverse  condition  to  that  in  fresh  water. 

The  Infusoria  {Flagellata  and  Giliata),  which  chiefly  form  the  pro- 
tozoic  fauna  in  the  latter,  are  indeed  represented  in  the  sea  by  a  great 
number  of  species,  but  the  most  belong  to  the  littoral  benthos,  and 
only  a  few  swimming  species  occur  in  such  quantities  that  they  are  of 
importance  in  the  plankton,  the  N'octilucidw  among  the  Flagellata^  the 
Tintinnoidte  among  the  Giliatii,  Much  greater  is  the  wealth  of  the 
ocean  in  BhizopocUij  calcareous-shelled  Thalafnophora  and  siliceous- 
shelled  Badiolaria,  The  accumulated  masses  of  these  shells  form  the 
most  important  sediment  of  the  ocean,  while  their  unicelhilar  soft  bodies 
constitute  the  chief  food  supply  for  many  planktonic  animals. 

If^usoria. — As  is  known,  the  Infusoria  do  not  play  so  great  a  r61e 
in  the  life  of  the  ocean  as  in  that  of  the  l^esh  water.  It  is  true  that  a 
great  number  of  Flagellata  and  Ciliata  occur  in  the  neritic  or  littoral 
fauna,  but  neither  on  account  of  the  number  of  individuals  nor  the 
richness  of  forms  are  they  elsewhere  of  importance,  and  only  a  few 
small  groups  extend  out  into  the  open  sea.  It  seems  as  if  these  tender 
and  for  the  most  part  uncovered  Protozoa  are  not  suited  for  the  contest 
which  the  wild  "  struggle  for  existence "  offers  here.  The  armored 
rhizopods  take  their  place.  Still  two  small  and  very  peculiar  groups  of 
Infusoria  are  found  in  very  great  numbers  in  the  plankton,  and  some- 
times in  such  quantities  as  to  form  the  chief  bulk;  the  H^oetiluca  among 
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the  Flagellaia^  and  the  Tintinna  among  the  Oiliata.  Both  groups,  and 
particularly  the  NoctiluoicUe,  belong  to  the  neritic  plankton.  They  occur 
in  the  oceanic  only  where  the  coast  water  flows  in  (6,  pp.  679,  750, 933). 

The  common  Noctiluca  miliaris  and  Rome  related  species  sometimes 
coyer  the  surface  of  the  coast  waters  in  such  masses  as  to  form  a  thick 
reddish-yellow  slime,  often  like  '^tomato  soup,"  and  at  night  are 
brightly  luminous.  The  Tintinnoidce  ( Tintinnt^y  Dictyocystaj  Codonella) 
appear  in  smaller  quantities,  but  ofben  in  great  numbers.  Some  forms 
of  these  elegant  Ciliaia  are  oceanic. 

Thalanu^hora  (Foraminifera). — ^The  Thalamopharay  often  and  veiy 
properly  called  Faramini/era,  were  ouce  generally  regarded  as  ben- 
thonic.  New  observations  first  showed  that  a  part  of  these  are  plank- 
tonic,  and  through  the  comprehensive  series  of  observations  by  the 
Challenger  the  abundant  occurrence  of  these  pelagic  Faramini/era  and 
their  great  part  in  the  formation  of  that  most  important  sediment,  the 
Olobigerina  ooze,  was  first  established.  All  these  Thalafnophora  of  the 
plankton  belong  to  the  peculiar  perforated  PolythaJamiaj  to  the  family 
of  the  OlobigerinidoB;  only  Orbulina  (provided  it  is  independent)  to  the 
Monothalamia,  The  number  of  their  genera  (S-10)  and  species  (29-25) 
is  relatively  small,  but  the  number  of  individuals  is  inconceivably 
great.  By  far  the  most  important  and  numerous  belong  to  the  genera 
Olohigerinaj  Orbulinay  and  Pulvinulina]  after  these  8phceraidina  and 
Pullenia.  They  occur  everywhere  in  the  open  ocean  in  numberless 
myriads.  J.  Murray  could  often  from  a  boat  scoop  up  thick  masses  of 
them  with  a  glass,  and  never  fished  with  the  tow  net  in  200  fathoms 
without  obtaining  some  (5,  p.  534).  A  few  forms  {HastigeHna  and 
Cymbahpora)  show  more  local  increase  in  numbers,  while  others  are 
rare  everywhere  {Ghilo8tomellay  Gandeina).  In  the  equatorial  counter- 
currents  of  the  Western  Pacific,  between  the  equator  and  the  Caroline 
Islands,  the  Challenger  found  ^^  great  banks  of  pelagic  foraminifera. 
On  one  day  an  unheard-of  quantity  of  Pulvimilina  was  taken  in  the 
tow  nets;  on  the  following  day  they  were  entirely  absent,  and  Pul- 
lenia  was  extraordinarily  abundant."  These  important  observations 
by  Murray  I  can  confirm  Irom  my  own  exi)erience  in  the  Atlantic  and 
Indian  oceans*  (comp.  3,  pp.  166, 188). 

'The  important  relations  of  thcso  pelagio  Polythalamia  to  the  reet  of  the  fauna  of 
the  plankton  on  the  one  side,  as  well  as  it4  importance  in  the  formation  of  the  "Globi' 
gerina  ooze"  on  the  other,  has  heen  expressly  stated  by  Murray  (6,  p.  919).  I  agree 
completely  with  hira  in  the  view  that  these  oceanic  Globigerinidce  are  trae  pelagic 
rhizopods,  which  in  part  are  foand  swimming  only  at  the  surface  or  at  slight  depths 
(antopelagic)y  in  part  at  zones  of  different  depths  (zonary),  but  they  are  not  beii' 
thonic.  The  enormous  sediment  of'^Globigerina  ooze"  is  composed  of  the  sunken 
calcareous  shells  of  the  dead  pelagic  animals.  On  the  other  hand,  the  benthonic 
thalamophores,  living  partly  abyssal,  on  the  bottom  of  the  deep  sea,  partly  littoral, 
creeping  among  the  forests  of  seaweed  on  the  coasts,  are  of  other  species  and  genera. 
They  develop  a  much  greater  variety  of  form.  The  neritic  thalamophores  found 
BWinuning  in  the  coast  watets  are  in  part  again  characterized  by  various  forms. 
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Radiolaria. — No  class  of  organisms  has  remained  so  long  unknown 
to  us,  and  by  the  brilliant  discoveries  of  the  last  decade  has  been  sud- 
denly placed  in  so  clear  a  light,  as  the  Eadiolaria  (comp.  4,  §  251-260). 
For  half  a  century  we  knew  next  to  nothing  of  these  wonderftd  rhizo- 
pods;  to-day  they  appear  as  one  of  the  most  important  planktonic 
classes.*  These,  the  most  varied  in  form  of  all  the  unicellular  organ- 
isms, form  a  purely  oceanic  clasSj  and  live  and  swim  in  all  seas,  especially 
in  the  warmer  ones.  Numerous  species  are  also  found  near  the  coasts, 
yet  these  are  not  distinguishable  from  those  of  the  open  sea.  They 
constitute  no  separate  neritic  fauna. 

Vast  crowds  of  Radiolaria  occur  at  the  surface  of  the  ocean,  as  well 
as  at  dififerent  depths.    Long  ago  Johannes  Miiller  remarked : 

It  is  a  great  pheuonieiion  that  Acanthomtira  can  be  taken  daily  by  thousands  in  a 
calm  sea  and  independently  of  storms ;  and  that  of  many  species  of  Polycyatinaf 
hundreds  of  individiials  were  seen  during  my  List  residence  at  the  seashore  (2,  p.  25). 

I  have  tried  myself,  on  the  hundreds  of  voyages  to  different  coasts 
which  I  have  made  since  1856,  to  thoroughly  study  the  natural  history 
of  the  Badiolaria,  The  incomparable  collections  of  the  Challenger 
afforded  me  by  far  the  richest  material  for  observation.  The  results 
obtained  therefrom  are  embodied  in  the  report  (1887).  Among  other 
references  to  the  conditions  of  the  plankton  there  mentioned,  it  brought 
up  the  following  propositions:  (1)  Radiolaria  occur  abundantly  in  all 
seas  which  contain  a  medium  amount  of  salt,  and  which  do  not  (like 
the  Baltic)  receive  a  strong  influx  of  fresh  water.  (2)  In  the  colder 
seas  only  a  few  species  occur  (chiefly  Acantharia),  but  immense  quan- 
tities of  individuals;  towards  the  equator  the  variety  in  form  gradu- 
ally increases  (horizontal  distribution,  comp.  4,  §  226-231).  (3)  The 
chief  groups  of  Radiolaria  are  distributed  unequally  in  the  five  bathy- 
zones  or  girdles  of  depth  of  the  open  ocean.  The  subclass  Porulosa 
(the  two  legions  of  Spumellaria  and  Acantharia)  inhabit  especially  the 
two  upper  zones.    On  the  other  hand,  the  subclass  Osculosa  {Nasselaria 

'After  Ehrenberg,  in  1847/  had  described  the  siliceous  shells  of  some  hundred 
speciee  from  the  Barbados,  we  obtained  in  1858  the  first  description  of  their  organ- 
ization through  Johannes  MUUer.  In  the  work  with  which  this  great  master  closed 
his  renowned  life  he  described  50  species  which  ho  had  observed  alive  in  the  Med- 
iterranean Sea  (2).  When  in  continaation  of  this  I  devoted  a  winter's  residence 
in  Messina  to  their  further  investigation,  I  was  able  in  1862,  in  the  monograph  con- 
sequent thereupon,  to  distinguish  144  new  species,  in  all  113  genera  and  15  families  (3). 
But  this  rich  Eadiolaria  fauna  of  Messina  still  gave  no  promise  of  the  immense  quan- 
tities of  thebe  delicately  ornamented  creatures  peopling  the  open  ocean,  and 
whose  variously  formed  siliceous  shells,  sinking  to  the  bottom  after  death,  formed 
that  wonderful  sediment,  the  "Radiolaria  ooze."  This  was  first  discovered  thirteen 
years  later  by  the  Challenger.  The  investigation  of  the  fabulous  radiolarian  treas- 
ures (chiefly  from  the  Pacific)  which  this  expedition  brought  home  has  led  to  the 
discrimination  of  20  orders,  85  families,  739  genera,  and  4,318  species  (4,  $  256). 
Further  study  of  the  Badiolaria  slime  of  the  deep  sea  wiU  bring  to  light  many  new 
forms  from  this  inexhaustibly  rich  mine. 
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and  Phwodaria)  move  in  the  three  lower  zones  (vertical  distribntion, 
4,  §  232-239).  The  dei)endence  of  their  appearance  upon  the  various 
conditions  of  life  has  been  investigated  by  Brandt  (24,  p.  102). 

D. — CCELENTERATSS  OF  THE  PLANKTON. 

The  ancestral  group  of  the  ccelenterates  has  important  significance 
and  manifold  interest  for  the  natural  history  of  the  plankton;  still 
this  appl  ies  in  very  varied  degrees  to  the  different  principal  groups  of  this 
numerous  circle  (comp.  30,  p.  622).  The  great  class  of  the  spongeSj 
which  belongs  exclusively  to  the  benthos,  has  never  acquired  a  ])elagic 
habit  of  life.  The  phylum  of  the platodes  also  needs  no  further  reference 
here.  We  know,  to  be  sure,  a  small  number  of  pelagic  turbellarians 
and  trematodes.  Arnold  Lang,  in  his  monograph  on  the  sea-plananans 
or  polyclads  (1884,  p.  629),  mentions  as  "purely  pelagic^  or  oceanic 
8  species  and  4  genera  {Planoceray  StylochuSy  Leptoplanaj  Planaria). 
Parasitic  trematodes  are  occasionally  found  as  "pelagic  parasites"  in 
medusje,  siphonophores,  and  ctenophores;  but  these  trematodes  and 
turbellarians  are  usually  found  only  individually ;  they  never  appear 
in  such  quantities  as  are  characteristic  of  the  majority  of  the  plankton 
animals.  Much  more  important  for  us  is  the  third  type  of  the  coelen- 
terates,  the  diversified  chief  group  of  the  nettle  animals  or  Cnidaria 
(30,  p.  521), 

Cnidaria, — With  reference  to  the  mode  of  life  and  the  form  condi- 
tioned thereby,  one  may  divide  the  whole  group  of  Cnidaria  into  two 
great  principal  divisions,  polyps  and  acalephs,  which  since  the  time  of 
Cuvier  have  lain  at  the  foundation  of  the  older  systems.  The  polyps 
(in  the  sense  of  the  older  zoologists)  embrace  all  nettle  animals,  which 
are  fixed  to  the  bottom  of  the  sea,  hydf  opolyps  as  well  as  scyphopolyps 
[Anthozoa),  They  belong  exclusively  to  the  benthos.  Only  a  few  forms 
have  acquired  the  pelagic  mode  of  life  {Minyadcej  Ardchanactis^  larvse 
of  ActiniWj  Cerinthidcey  and  some  other  corals).  The  second  principal 
division  of  the  nettle  animals,  the  Acalepha^  embraces,  in  the  sense  of 
their  first  investigator  Esdischoltz  (1829),  the  three  classes  of  medusae, 
siphonophores,  and  ctenoi)hores;  all  swimming  marine  animals,  which, 
from  their  richness  in  forms,  their  general  distribution  in  the  ocean,  and 
their  abundant  occurrence,  possess  much  importance  for  plankton 
study.  Since  the  above-mentioned  pelagic  polyps  (itftnyo^o?,  etc.)  on 
the  whole  are  rare,  and  never  appear  in  great  quantities,  we  need  make 
no  further  reference  to  them  here.  Much  more  important  are  the  J.ca- 
lephsy  which  offer  a  fund  of  interesting  problems  for  plankton  study. 
Commonly,  all  these  animals  are  roughly  termed  ^^  pelagic,"  but  a 
new  consideration  shows  us  that  they  are  so  in  a  very  different  sense^ 
and  that  the  distinction  which  we  have  made  above  in  reference  to  their 
chorological  terminology  here  finds  its  complete  justification.  We  will 
first  consider  the  medusae,  then  the  sixihouophores  and  ctenophores. 
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Mednaw, — ^The  great  interest  which  I  have  felt  in  this  wonderful 
class  of  anitnals  since  my  first  acquaintance  with  living  medus<ne,  in 
1854,  and  which  has  been  increased  by  my  numerous  sea  voyages,  led 
me  to  the  monographing  of  them  (1879).  I  immediately  gained  thereby 
a  number  of  definite  chorological  and  cecological  ideas,  which  have 
been  of  permanent  infiuence  in  the  further  course  of  my  plankton 
studies.  By  it  whs  definitely  fixed  the  knowledge  tliat  the  whole  race 
of  the  medusie  is  polypbyleticj  and  that  on  the  one  side  the  Oraspedota 
(or  Hydramedus(e)  have  arisen  independently  from  the  Hydropolyj)8^}\xBt 
as  on  the  other  side  the  Acraspedota  (or  Scyphomeduace)  from  the  Seypho- 
polypa.  In  both  analogous  cases  the  transition  to  the  pelagic,  free- 
swimming  mode  of  life  has  led  to  the  formation,  from  a  lower,  sessile, 
very  simply  organized  benthic  animal,  of  a  much  higher  planktonic  meta- 
zoon,  with  differentiated  tissues  and  organs — a  fact  which  is  of  great 
significance  for  our  general  understanding  of  the  phylogeny  of  tissues. 

I  have  in  that  monograph  broadly  distinguished  two  principal  forms 
of  ontogeny  or  individual  developmental  history  among  the  medusas, 
metctgenesia  and  hypogeneaia.  Of  these  I  regard  metagenesis,  the  alter- 
nation of  generations  with  polyps,  as  the  primary  ot palingenetic  form; 
on  the  other  hand,  hypogeneaia^  the  ^<  direct  development  without  alter- 
nation of  generations,  as  the  secondary  abbreviated  or  cenogenetic  form. 
This  distinction  is  of  great  importance  in  the  chorology,  in  so  far  as  the 
great  majority  of  the  oceanic  medusse  are  hypogenetic;  the  7ieritiCj  on  the 
other  hand,  are  metagenic.  To  the  oceanic  medusa)  in  the  widest  sense 
I  refer  the  Trachylinee  {Track ymedtiacc  and  Narcomedvsw)  among  the 
Gra^pedota;  to  the  neritic,  the  LeptoUnce  [Anthomedvsw  and  Leptome- 
duace:  corap.  29,  p.  233).  While  the  former  have  lost  their  relation  to 
the  benthonic  polyps,  the  latter  have  retained  it  through  heredity.  The 
same  seems  to  obtain  also  for  the  majority  of  the  Acra^edota,  namely 
the  Diaoomeduaw.  Among  these  there  are  only  a  few  oceanic  genera 
with  hypogeneaia^  e.  g.,  Pelagia.  The  development  of  the  smaller  but 
very  important  acraspedote  orders,  which  I  have  distinguished  as  Staur 
romednaWj  Peromeduace,  and  Giibomednaas^  is,  I  am  sorry  to  say,  as  yet 
quite  unknown.  The  first  is  to  be  regarded  as  neritic  and  metagenic; 
the  two  latter,  on  the  other  hand,  oceanic  and  hypogenic.  That  the 
majority  of  the  large  Discomedmw  are  neritic  and  not  oceanic  is  sho¥m 
from  their  limited  local  distribution. 

Although  ten  years  ago  the  Meduaw  were  generally  held  to  be  purely 
pelagic  animals,  it  has  now  been  found  that  a  certain  (perhaps  consid- 
erable) j^Tt  of  them  are  zonary  or  bathybic.  Among  the  18  deep-sea 
mednaw  which  I  have  described  in  part  xn  of  the  Challenger  Keport 
(1881)  there  are,  however,  some  forms  which  occur  also  at  the  sur- 
&ce,  and  a  few  which  perhaps  were  accidentally  taken  in  the  tow  net 
while  drawing  it  up.    But  others  are  certainly  true  deep-sea  dwellers, 

the  Pectyllidxe  among  the  Oraspedota,  tlie  Periphyllidw  and  AtollidcB 


596        REPORT   OP   COMMISSIONER  OF   FISH  AND   FISHERIES. 

among  the  Acraspedota,  Some  Medt^cB  have  partly  or  entirely  given 
up  the  swimming  mode  of  life,  as  PolycUmia^  Cephea^  and  other  Rkiz- 
ostamaj  which  lie  with  the  back  towards  the  sea  bottom,  the  many- 
mouthed  bunch  of  tentacles  directed  upwards.  The  Lucemaridw  have 
completely  parsed  over  to  the  benthos.  Many  Medusce  are  spanipelagie, 
rise  to  the  surface  only  during  a  few  months  (for  the  purpose  of  reproduc- 
tion?), and  pass  the  greater  part  of  the  year  in  the  depths;  thus  in  the 
Mediterranean  the  beautiftd  Cotylorrhiza  tuberculataj  Oharybdea  marsu- 
pialiSj  Tima  flavU4xhriSy  and  OlindicLS  millleri.  These  bathybic  forms  are 
sometimes  brought  up  in  great  numbers  with  the  bottom  net  (19,  p.  122). 
Many  cling  with  their  tentacles  to  Algce  and  other  objects  (20,  p.  341). 

The  immense  swarms  in  which  the  Medusce  sometimes  appear,  millions 
crowded  thickly  together,  are  known  to  all  seafaring  naturalists. 
Thus  in  Arctic  waters,  Godonium  princes,  Rippocrene  superciliaris;  iu 
the  North  Sea,  Tiara  pileatay  Aglantha  diffitalis;  in  the  Mediterranean, 
Liriantha  mtusronata^  Rhopalonenia  velatum;  in  the  tropics,  Cytms 
nigritina;  in  the  Antarctic  Ocean,  Hippocrene  mocloviana  and  others. 
Hensen  (9,  p.  65)  in  the  Korth  Sea  found  a  swarm  of  Aglanthaj  the 
number  of  which  he  estimated  at  twenty -three  and  one-half  billions. 
The  extent  of  the  multitude  was  so  great  that  ^Hhe  thought  of  approxi- 
mately estimating  the  animals  in  this  swarm  must  be  given  up."  In 
such  cases  the  whole  sea  for  a  few  days,  or  even  weeks,  seems  every'^ 
where  full  of  Medusce;  and  then  again  weeks,  or  even  months,  may  pass 
without  finding  an  individual.  The  uncertainty  of  appearance,  the 
"  capriciousness  of  these  brilliant  b^uties,''  in  other  words  the  dei)end- 
ence  upon  many  different,  and  for  the  most  part  unknown  causes,  is  iu 
this  interesting  animal  group  remarkably  impressed  upon  us.  I  will, 
therefore,  in  another  place,  refer  to  it  on  the  ground  of  my  own  experience. 

Siphanophores. — What  I  have  said  above  concerning  the  unequal  dis- 
tribution of  the  medusiB  applies  also  to  their  wonderful  descendants, 
the  purely  oceanic  class  of  the  siphonophores.    This  highly  interest 
ing  class  was,  up  to  a  few  years  ago,  also  regarded  as  purely  i>elagic; 
but  of  these,  too,  it  is  now  known  that  they  are  in  great  part  bathy- 
pelagic,  in  part  also  zonary  and  bathybic.    The  new  and  very  peculiar 
group  of  the  Auronectce  {Stephalid^e  and  Bhodalidce),  taken  by  the  Choi' 
lenger  at  a  depth  of  200  to  600  fathoms,  is  described  in  my  ^'Eeport  of 
the  Siphonophores  of  H.  M.  S.  Challenger^  (1888,  p.  296).    The  Bathy- 
physa  taken  by  Studer,  and  some  of  the  Rhizophysid^  {Aurophysa^  Lino- 
physa)  captured  by  the  QazelUy  were  taken  at  a  depth  of  600  to  1,600 
fathoms  (1.  c).    But  that  such  deep-sea  siphonophores  (probably  mostly 
Rhizophysidce)  inhabited  the  ocean  in  great  masses  was  first  shown  by 
Chierchia  (8,  p.  84-86),    Previously,  in  numerous  soundings  which  the 
Vettor  Pisani  had  made  in  the  Atlantic  and  Pacific  oceans,  the  line  of 
the  deep-sea  lead  when  drawn  up  was  found  to  be  wound  around  with 
the  torn-off  stinging  tentacles  of  great  siphonophores.    By  means  of 
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the  new  closible  net  invented  by  Palumbo,  he  was  enabled  to  bring  up  the 
entire  animals  from  definite  depths.  From  these  experiments  Ghierchia 
concluded  ^^that  certain  characteristic  species  of  siphonophores  live  in 
great  numbers  at  certain  depths,  from  1,000  meters  above  the  bottom 
upwards,  the  strongest  and  most  resistant  in  the  depths,  the  weaker 
higher  up'^  (8,  p.  86).  Other  siphonophores,  which  belong  to  the  forms 
most  numerous  at  the  surface,  extend  down  to  considerable  depths,  as 
Diphyes  aieboldii  (15,  p.  12).  The  larvae  of  Hippopodius  lutetLSy  which 
are  very  numerous  in  winter  and  spring,  have  quite  disappeared  in 
summer,  and,  according  to  Ghun,  live  in  greater  depths,  even  to  1,200 
meters  (15,  p.  14).  Other  forms  are  spanipelagic  and  come  to  the  sur- 
iace  only  for  a  short  time,  only  a  few  weeks  in  the  year,  like  so  many 
PhyaonecUe.  From  these  and  other  grounds  the  participation  of  the 
siphonophores  in  the  plankton,  like  that  of  their  ancestors,  the  Hydro- 
medusuBj  is  extremely  irregular,  and  their  apx)earance  at  the  surface  of 
the  sea  is  subject  to  the  most  remarkable  changes. 

Ctenaphores. — ^This  Onidarian  class  also,  like  the  preceding,  is  purely 
oceanic,  not  neritic.  They  also  show  the  same  phenomena  of  pelagic 
distribution  as  the  Siphonophores  and  Medusce,  frequent  appearance  in 
great  swarms,  sudden  disappearance  for  long  periods,  unaccountable 
irregularity  in  their  participation  in  plankton  formation.  The  tables 
which  Schmidtlein  has  given  on  the  basis  of  three  years'  observa- 
tions, on  their  periodical  appearance  in  the  Gulf  of  Naples,  are  very 
instructive  for  all  three  classes  of  the  planktonic  Onidaria  (19,  p.  120). 
The  cteuophores  also,  up  to  a  short  time  ago,  were  regarded  as  auto- 
pelagic  animals;  but  of  them  also  it  has  been  discovered  that  they 
extend  in  abundance  to  various,  somewhat  definite  depths.  Ghun,  in 
his  monograph  of  the  cteuophores  of  Naples  (1880,  p.  236-238)  has 
pointed  out  that  these  most  tender  of  all  pelagic  animals  have  just  as 
definite  vertical  as  horizontal  migrations.  Many  cteuophores,  which 
in  the  spring  are  found  as  larvse  at  the  surface,  later  sink,  pass  the 
summer  in  the  cooler  depths,  and  rise  to  the  surface  in  the  autumn  in 
crowds,  as  mature  animals.  The  irregularity  of  their  appearance  is  also 
mentioned  by  Graeffe  (20,  p.  361). 

£.— Helminths  of  thb  Plankton. 

The  race  of  the  helminths  or  "worms'^  (the  cross  of  suffering  for  sys- 
tematic zoology)  obtains  a  more  natural  unity  and  more  logical  defini- 
tion, if  one  removes  therefrom  the  platodes  and  annelids,  placing  the 
former  with  the  coelenterates,  the  latter  with  the  articulates.  The  jus- 
tice of  this  limitation  and  also  the  grounds  for  regarding  the  worms  as 
the  common  ancestral  group  of  the  higher  animals,  I  have  set  forth 
already  in  the  "Gastrea  Theory"  (1873),  and  many  times  at  later  op- 
portunities, last  in  the  eighth  edition  of  my  "Natural  History  of  Crea- 
tion'^ (1889,  p.  540).  There  remain  then  as  helminths,  in  the  narrower 
sense,  four  divisions  with  about  12  classes,  namely,  (1)  the  Kotatorue 
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{Trochosphaeraj  Ichthydina^  RoHfet^a) ;  (2)  the  StrongylnruB  {Kematoda^ 
Acanthocephala,  Ohwioffnatlia)-,  (3)  the  Rhynchoccelu  (Nemertinaj  Bn- 
ierapneusta),  and  (4)  the  Proaopygiw  (Bryozoa^  Braehiapoday  PharoneiB^ 
Sipnneuleoe).  The  larva  of  many  of  these  worms  have  acquired  the 
pelagic  mode  of  life,  but  most  of  them  are  too  small  and  too  scattered 
in  the  plankton  to  be  of  any  considerable  importance  in  its  composition. 
Ohcetognatha. — In  its  mature  condition  only  a  single  class  of  hel- 
minths plays  an  independent  and  indeed  an  important  rdle  in  the  plank- 
ton— the  small  and  peculiar  class  of  arrow-worms  or  ChaftogfuUka 
{Sagitta,  SpadeUa^  etc.).  These,  together  with  the  copepods,  salpae, 
pteropods,  and  radiolarians  belong  to  the  most  substantial,  most  gen- 
erally distributed,  and  usually  unfailing  constituents  of  the  plankton. 
Hensen  (9,  p.  59)  has  made  some  calculations  of  the  immense  numbers 
in  which  they  appear.  He  reckons  tliem  in  the  ^<  perennial  plankton/ 
yet  does  not  find  "everywhere  the  regularity  which  one  might  expect.^ 
He  is  astonished  at  the  "  highly  remarkable  variations"  in  their  num- 
bers, and  finds  this  very  unequal  distribution  very  puzzling  (9,  p.  60). 
Ohun  has  lately  shown  that  the  troops  of  Sagitta  not  only  populate  the 
surface  of  the  sea,  but  also  "  in  common  with  the  Badiolariaj  Tamap- 
teridcB^  Diphyidxe,  Crustdcea^  constitute  the  most  numerous  and  most 
constant  inhabitants  of  the  greater  depths.  In  countless  multitudes 
they  are  taken  in  the  open  as  well  as  in  the  closible  net,  from  100 
meters  down  to  1,300  meters  "  (15,  p.  17).  It  seems  that  Sagitta^  as  a 
whole  purely  oceanioj  is  represented  by  pelagic  as  well  as  zonaiy  and 
bathybic  species. 

F.—MOLLUSKS  OP  THE  PLANKTON. 

The  race  of  moUusks  play  a  very  important  rdle  in  the  plankton. 
Although  the  great  majority  of  the  genera  and  species  belong  to  the 
benthos,  yet  there  are  a  few  families  which  have  become  adapted  to  the 
I)elagic  mode  of  life,  of  great  importance  on  account  of  the  great 
gwarms  in  which  they  often  appear.  The  three  chief  classes  which  ve 
distinguish  in  this  race  (30,  p.  546)  live  very  differently.  The  Aeephaloky 
entirely  benthonic,  can  take  part  only  as  swarming  larvfld  in  the  com- 
position  of  the  plankton;  so  also  the  swimming  larvse  of  many  mero- 
planktonic  Oastropoda.  Of  these  latter  only  a  very  tew  genera  have 
adopted  completely  the  pelagic  mode  of  life,  like  lanthina  among  the 
prosobranchs,  Qlauaus  and  Phyllirrhw  among  the  opisthobranchs. 

Pteropods  and  Beteropods. — ^These  two  groups  of  snails  are  holoplauk- 
tonic,  chiefly  nyctipelagic  animals,  which  come  to  the  surface  of  the  sea, 
preferably  during  the  night,  in  vast  numbers  (14,  pp.  121-125).  Chan 
has  lately  discovered  that  many  of  them  are  found  at  considerable 
depths  (15,  p.  36).  Some  kinds  of  pteropods  {e.  g.^  Spirialut)  seem  to 
belong  to  the  zonary  and  bathybic  fauna.  The  heteropods  are  on  tbe 
whole  of  less  importance.  They  occur  in  great  swarms  less  frequentlj 
and  only  in  certain  parts  of  the  warmer  seas.    The  pteropods  on  tbe 
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other  hand  surpass  the  former,  not  only  by  a  great  diversity  of  genera 
and  species,  but  particularly  from  their  enormous  development  in  all 
parts  of  the  ocean.  Clio  and  Limacina  are  known  to  occur  in  the 
Arctic  and  Antarctic  ocean  in  schools  so  vast  as  to  form  the  chief  food 
supply  of  the  whales;  the  swarms  of  Creseis,  Hyalea,  and  others  which 
apx>ear  in  the  seas  of  the  warmer  and  temperate  zones,  are  also  so  con- 
siderable that  these  fluttering  ^^sea  butterflies  {Farfalle  di  marey^  often 
play  a  very  important  part  in  the  ^^cycle  of  matter  in  the  sea''  {Stoffwechsel 
des  Meeres^^).  The  irregularity  of  the  distribution  and  phenomena 
is  also  shown  by  the  fact  that  Hensen,  during  his  plankton  expedition 
through  the  North  Sea  (July  and  August,  1887),  completely  missed  the 
pteropods  (9,  p.  59;  10,  p.  116).  On  the  other  hand,  when  in  August, 
1879, 1  fished  at  Scoury,  on  the  northwest  coast  of  Scotland,  we  found 
such  immense  quantities  of  Limacina  (during  the  forenoon  in  still 
weather)  that  these  pteropods  certainly  formed  more  than  nine-tenths 
of  the  entire  plankton,  and  with  a  bucket  we  could  scoop  up  many 
thousands.  The  mass  of  the  swarm  had  the  same  density  for  a  depth  of 
two  fathoms  and  for  more  than  a  square  kilometer  in  horizontal  extent. 
Cephalopoda. — Although  entirely  swimming  animals,  these  highly 
developed  moUusks  for  the  most  part  do  not  fall  under  the  term  plankton, 
if  with  Hensen  we  limit  this  to  those  ^'animals  floating  involuntarily 
in  the  sea"  (9,p.  1).  They  must  then  be  included  in  the  "nekton;" 
but  naturally  it  depends  in  some  eases  entirely  on  the  strength  of  the 
current  whether  the  small  cephalopods  should  be  included  in  the 
former  or  in  the  latter.  In  any  case  this  highest  developed  class  of 
mollusks  is  of  very  great  importance  in  the  physiology  of  the  x)lankton, 
the  question  of  the  "  cycle  of  matter  in  the  sea."  On  the  one  hand 
they  daily  consume  vast  masses  of  pteropods,  Crustacea,  sagitta,  medu- 
BSdj  and  other  planktonic  animals;  on  the  other,  they  furnish  the  most 
important  food  for  fishes  and  cetaceans.  From  recent  investigations 
it  is  found  that  the  cephalopods  are  partly  pelagic,  partly  zonary  or 
bathybic  {Spirulaj  Nautilm^  etc.).  Characteristic  small,  transparent 
Decolenw  (Loligapaidce)  are  known  as  partly  pelagic,  partly  bathybic 
species  (15,  p.  36).  The  same  is  true  also  of  some  Octolenm  {Philonexidw), 
Young  forms  of  cephalopods  are  captured  swimming  in  the  plankton  at 
the  surface  as  well  as  in  the  depths. 

G. — EcniNODERMS  OP  THE  PLANKTON. 

The  rayed  animals  in  their  significance  in  the  plankton,  as  also  in 
many  other  morphological  and  physiological  relations,  show  highly 
peculiar  and  varied  conditions.  Although  all  echinoderms  are  without 
exception  purely  marine  animals,  and  no  single  form  of  this  great 
group  inhabits  fresh  water,  still  not  a  single  species  has  completely 
adopted  the  planktonic  life.  Kot  a  single  echinoderm  in  its  full-grown 
»nd  sexually  mature  condition  can  be  called  pelagic.  The  few  forms 
which  temporarily  swim  about  {Comatulida^)  belong  only  to  the  neritic 
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fauna  and  do  not  occur  in  the  ocean.    They  also  are  found  in  sadi 
limited  numbers  that  they  are  without  importance  for  the  plankton. 

Much  more  important  for  us  are  the  free-swimming  echinoderm  larraB, 
which  often  play  a  great  part  in  the  neritic  plankton.  Indeed  they  are 
classical  objects  in  the  history  of  plankton  investigation;  for  to  their 
study  their  discoverer,  Johannes  MUller,  forty-five  years  ago  first  ap- 
plied the  method  of  "pelagic  fishery  with  the  fine  net,''  which  soon  led 
to  such  remarkable  and  brilliant  results.  The  distribution  and  number 
of  the  larval  rayed  animals  is  naturally  dependent  upon  that  of  their 
benthonic  parents;  but  in  addition  also  partly  upon  chorological,  partly 
(Ecological  causes.  According  to  Sir  Wyville  Thompson  (14,  ii,  pp. 
217-245;  6,  p.  379),  the  remarkable  metamorphosis,  discovered  and  de- 
scribed in  a  masterly  way  by  Muller,  is  the  rule  only  among  the  littoral 
forms,  chiefly  in  the  temperate  and  warm  zones;  on  the  other  hand,  it 
is  the  exception  in  the  case  of  the  majority,  for  star  animals  of  the 
deep  sea  and  cold  zones,  in  the  Arctic  as  well  as  in  the  Antarctic, 
develop  directly.  Therefore,  great  troops  of  pelagic  larvae  of  these 
animals  occur  commonly  only  in  the  neritic  plankton  of  the  temperate 
and  warm  zones,  not  in  the  open  ocean.  They  seem  to  visit  the  depths 
(below  100  meters)  very  seldom  (15,  p.  17).  Besides,  their  appearanoe 
is  naturally  connected  with  the  time  of  year  of  this  development;  often 
only  during  a  few  months  (9,  p.  62).  The  variation  in  the  constitution 
of  the  "periodic  plankton"  is  here  very  remarkable. 

H.— Articulates  op  the  Plankton. 

Of  the  three  chief  divisions  which  we  distinguish  in  the  group  of 
articulated  animals  (30,  p.  570)  two,  the  Annelida  and  TracheateSj  take 
no  part  in  the  constitution  of  the  plankton.  Both  are  represented  only 
by  a  few  pelagic  genera,  and  these  have  a  limited  distribution.  Much 
greater  in  importance  is  the  third  chief  division,  the  Crustacea.  It  is 
the  only  animal  class  which  is  never  lacking  in  the  tow-net  collections 
(or  only  very  exceptionally),  and  which  commonly  appears  in  such 
numbers  that  their  predominant  position  in  the  animal  world  of  the 
sea  is  evident  at  the  first  glance.  This  applies  as  well  to  the  oceanic 
as  to  the  neritic  fauna,  to  the  littoral  as  to  the  abyssal  benthos. 

Annelids. — ^The  great  mass  of  this  group,  so  rich  in  forms,  belongs  to 
the  benthos,  and  is  represented  in  the  abyssal  as  well  as  in  the  littoral 
fauna  by  numerous  creeping  and  sessile  forms.  Only  very  few  ringed 
animals  have  acquired  the  x>elagic  mode  of  life  and  have  assumed  the 
characteristic  hyaline  condition  of  the  oceanic  glasslike  animals,  the 
swimming  Tomopteridw  and  Alciopidof,  Both  families  are  represented 
in  the  plankton  only  by  a  few  genera  and  species,  and  as  a  rule  their 
pumber  of  individuals  is  not  very  considerable.  Chun  has  lately 
shown  by  means  of  the  closible  net  that  both  forms,  Tomopteris  as  well  as 
Akiope,  are  represented  in  the  diflFerent  depths,  from  500  to  1,300  meters^ 
by  peculiar  zonary  and  bathybic  species,  which  are  distinguishable 
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from  the  i>6lagic  species  of  the  surface  by  characteristic  marks.  *'The 
wealth  in  such  Aleiopidw  (aud  Tomopteridce)  at  all  depths  of  100  meters 
or  over  is  very  surprising,  and  it  requires  a  careful  scrutiny,  for  the  bean- 
tifol  transparent  worms  often  press  actively  by  dozens  in  serpentine 
coarse  through  the  crowd  of  other  forms  in  the  dishes''  (15,  p.  24). 

Crustacea. — In  their  general  oecological  importance,  in  their  uni- 
yersal  distribution  over  all  parts  of  the  ocean,  and  especially  in  their 
incomprehensible  fertility  aud  the  abundance  of  their  appearance  con- 
ditioned thereby,  the  Crustacea  surpass  all  other  classes  of  animals.  In 
the  physiology  of  the  plankton  the  first  rank  in  the  animal  kingdom  be- 
longs to  them,  as  to  diatoms  in  the  vegetable  kingdom.  On  the  whole, 
in  the  organic  life  of  the  ocean  they  have  tbe  same  predominant  impor- 
tance as  the  insects  for  the  fauna  and  flora  of  the  land.  In  a  similar 
way,  as  the  complicated  "struggle  for  existence"  has  called  up  for  the 
latter  a  quantity  of  remarkable  cecological  relations  aud  morphological 
differences  conditioned  thereby  within  the  insect  class,  so  has  the  same 
occurred  in  the  ocean  within  the  crustacean  class.  Meanwhile  the 
numerous  orders  and  families  of  this  class,  so  rich  in  forms,  participate 
in  very  different  degrees  in  the  constitution  of  the  plankton.  The  order 
of  copepods  by  far  surpasses  all  other  orders.  Next  to  these  follow  the 
ostracods  and  schizopods,  then  the  phyllopods,  amphipods  and  deca- 
pods. The  other  orders  of  crustaceans  participate  in  the  constitution 
of  the  plankton  in  a  much  less  degree — ^part  of  them  very  little.  It  is 
to  be  added  that  larvae  of  all  orders  may  appear  in  great  numbers 
therein.  Thus,  for  example,  the  pelagic  larvae  of  the  sessile  benthonic 
cirripeds  often  appear  in  the  neritic  plankton  so  numerously  that  they 
constitute  four-fifths  to  nine-tenths  or  even  more  of  the  entire  mass. 

The  chorology  of  the  Crustaeea  offers  to  the  plankton  investigator  orfe 
of  the  most  imxK)rtant  and  interesting  fields  of  work,  the  elaboration  of 
which  has  yet  scarcely  been  begun.  The  same  applies  also  to  the  geog- 
raphy and  topography  of  the  oceanic  and  neritic  Crustaceaj  both  in 
their  horizontal  and  vertical  distribution,  to  their  relations  to  the  ben- 
thonic Crtista^ea  as  well  as  to  the  marine  fauna  and  flora  in  general. 
As  a  very  important  result  of  the  recent  discoveries,  particularly  of  the 
ChaUenger^  the  fact  must  here  as  elsewhere  be  brought  up  that  in  the 
different  groups  of  Crtistaoea  (just  as  in  the  Radiolaria)  the  vertical 
divisions  of  the  planktonic  fauna  can  be  very  plainly  distinguished. 
Pelagic,  zonary,  and  bathybic  forms  are  found  here  in  quite  definite 
relations. 

Copepoda, — As  the  Crustacea  are  on  the  whole  the  most  important  and 
influential  among  the  planktonic  animals  in  their  oecological  relations, 
so  are  the  copepods  among  the  Crustacea.  Only  one  who  has  seen  with 
his  own  eyes  can  gain  a  conception  of  the  innumerable  masses  in  which 
these  small  crustaceans  crowd  the  surface  of  the  ocean  as  well  as  the 
zones  of  different  depths.  For  days  the  ship  may  sail  through  wide 
stretches  of  ocean  whose  surface  always  remains  covered  with  the  same 
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yellowish  or  reddish  ^^  animal  mush,"  composed  in  by  far  the  greater 
part  of  copepods.  In  the  journal  which  I  kept  in  the  winter  of  1866-67, 
at  Lanzarote,  in  the  Canary  Islands,  of  the  varying  constitution  of  the 
plankton,  for  many  days  there  is  only  the  remark:  ^^  almost  pure  buck- 
ets of  copepods,''  or  "  the  collection  consisted  almost  entirely  of  Crui- 
taceaj  by  &r  the  greater  part  of  copex>ods."  That  these  small  crus- 
taceans form  the  chief  food  supx)ly  for  many  of  the  most  imiK>rtaut 
food-fishes  (e.  g.j  the  herring)  has  long  been  known.  In  the  Arctic  as  well 
as  the  Antarctic  Ocean  Calanus  finmarchicus  and  a  few  related  species 
form  in  general  the  chief  bulk  of  the  plankton,  and  furnish  food  for 
pteropods  and  cephalopods,  for  the  divers  and  x)enguins,  for  many  fishes 
and  whales.  On  the  voyage  from  Japan  to  Honolulu  the  Challenger 
sailed  through  wide  stretches  of  the  Korth  Pacific  Ocean  which  were 
covered  with  red  and  white  patches,  caused  by  great  accumulations  of 
two  species  of  small  copepods,  the  red  being  Calanus  propinquus  (8,  p. 
758).  In  many  other  regions,  from  the  Polar  Circle  to  the  Equator,  the 
ship  passed  through  white  bands  many  miles  wide,  composed  solely 
of  copepods  (8,  p.  843).  That  their  appearance  is  very  irregular  and 
dependent  on  many  conditions  is  true  of  this  very  important  group 
of  plankton  animals  as  for  all  others.  For  two  days  the  Challenger  went 
through  thick  shoals  of  Carycaeus  pellucidus.  For  the  next  three  days 
the  copepods  had  entirely  disiippeared. 

Hensen  has  made  statistical  statements  upon  the  appearance  of  the 
copepods  of  the  North  and  Baltic  seas  (9,  p.  45).  Chun  has  lately  shown 
that  this  order  plays  a  highly  significant  rdle,  not  only  at  the  surface, 
but  also  at  considerable  depths  (600  to  1,300  meters),  (15,  p.  25).  ^^  Their 
abundance  and  richness  in  forms  in  greater  depths  is  absolutely  aston- 
i^ing.  Larval  forms  of  species  sessile  or  living  upon  the  bottom  min- 
gle in  confrision  with  the  young  forms  and  sexually  mature  stages  of 
eupelagic  species.  Many  species  hitherto  regarded  as  varieties  are 
numerously  represented  in  the  depths."  On  the  other  hand,  the  order 
seems  to  be  very  poorly  represented  at  very  great  depths.  The  Chal- 
lenger found  only  one  very  chai^acteristic  deep-sea  species  in  2,200 
fathoms — Pontostratioides  abyssicolla  (8,  p.  845).  Some  genera  never 
leave  the  surface  and  are  autopelagic,  e.  g.,  Fontellina  (15,  p.  27). 

0stra4K>da. — ^The  ostracods  are,  next  to  the  copepods,  the  most  impor- 
tant Crustacea  of  the  plankton,  and  are  represented  at  the  surface  as 
well  as  in  different  depths  by  masses  of  many  species.    In  the  cecology 
of  the  ocean  they  play  a  similar  r61e,  as  do  the  near-related  cladocerans 
(Daphnidw)  in  the  fresh  water.    The  Challenger  collected  221  species  of 
ostracods.    Of  these  52  were  found  below  500  fathoms,  19  below  1,500, 
and  8  below  2,000  fathoms  in  depth.    Many  ostracods,  like  many  cope- 
pods and  other  crustaceans,  belong  to  the  most  important  luminons 
animals  of  the  ocean.    On  my  journey  to  Ceylon  (in  the  beginning  of 
November,  1881),  as  well  as  on  the  return  trip  (middle  of  March,  1882), 
I  admired  as  never  before  the  oceanic  light  in  its  splendor.    '*  The  wboJe 
oceaS;  so  far  as  the  eye  coxM  i^^ia^Xi^  ^^^  ^  ^^Awtiuuous  sliimmering  sea 
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of  light.''  Microscopical  iuvestigation  of  the  water  showed  that  the 
lumiuous  animals  were  for  the  most  part  small  Gruatacea  {Ostracoda)^ 
to  a  less  extent  Medu8(JB^  Salpm^  worms,"  etc.  (25,  pp.  42, 372).  Ghierchia, 
three  years  later,  in  the  same  region  and  in  the  same  month,  saw  the 
same  brilliant  phenomenon :  ''The  most  brilliant  emerald-green  light 
was  produced  by  an  infinitude  of  ostracods"  (8,  p.  108). 

Schizopada. — ^Not  less  important  in  the  planktonic  life  than  the  ostra- 
cods  (sometimes  even  more  important)  are  the  schizopods.  They  also 
occnr  in  wide  stretches  in  immense  swarms  at  the  surface,  as  well  as 
in  greater  and  lesser  depths.  They  also  play  a  great  rdle  in  the  cycle  of 
matter  in  the  sea  (Stoffwechsel  des  Meeres);  on  the  one  side  since  they 
devour  great  quantities  of  protozoa  and  planktonic  larvse,  and  on  the 
other  because  they  serve  as  food  for  the  cephalopods  and  fishes.  Many 
schizopods,  like  many  ostracods  and  copepods,  belong  to  the  most  bril- 
liantly luminous  animals,  and,  like  the  latter,  furnish  very  interesting 
problems  for  the  bathygraphy  of  the  plankton.  G.  O.  Sars,  who  has 
worked  up  the  rich  material  collected  by  the  Challenger ,  distinguished  57 
species,  and  found  that  32  of  these  lived  only  at  the  surface,  6  from  32  to 
300  fathoms,  and  4  extended  down  below  2,000  fathoms  (as  far  as  2,740 
&thoms),  (6,  p.  739).  Chun  also  has  discovered  in  the  Mediterranean  a 
number  of  new  zonary  and  bathybic  schizopods  very  different  from  the 
pelagic  varieties  of  the snrfa^ey  Stylochiron^ArachnomyaiSy etc.  (16^1^,30), 

The  phylloxM>ds  (Daphnidce),  the  amphipods  {Phronimidce^  Hyperi- 
d€e)j  and  the  decapods  {Mieraidce,  Sergestidce)  are  indeed  represented 
in  the  plankton  by  a  number  of  interesting  forms,  partly  oceanic, 
partly  neritic;  and  some  of  these  occasionally  appear  in  considerable 
quantities.  But  as  a  whole  they  are  of  far  less  importance  than  the 
copepods,  ostracods,  and  schizopods.  The  same  applies  also  to  the 
other  groups  of  Crustaceaj  although  many  of  them  in  their  larval  state 
take  a  great  part  in  the  constitution  of  the  plankton.  Also  in  regard 
to  these  multiformed  and  often  stonudSLTit  pelagic  crustacean  larva^  as 
well  as  for  the  mature  crustacean  animals,  the  advancing  plankton 
study  has  still  to  establish  and  explain  a  fund  of  facts;  namely,  in 
relation  to  their  pelagic,  zonary,  and  bathybic  distribution;  their  migra- 
tions, and  the  relations  in  which  this  planktonic  fauna  stands  to  the 
benthic  fauna. 

Inseda. — ^That  important  branch  the  Tracheataj  the  most  numerous 
in  forms  of  all  the  principal  divisions  of  the  animal  kingdom,  has  in  the 
sea  no  representatives  whatever.  The  Protraoheataj  Myriapoda,  and 
Araehnidae  are  exclusively  inhabitants  of  the  land  and  in  small  part  of 
the  fresh  water,  except  the  pycnogonids  or  pantopods  (in  case  these 
really  belong  to  the  Arachnidw).  Among  the  Insecta  there  is  only  a 
single  small  group  of  true  marine  animals,  the  family  of  the  Halohaiidce, 
These  small  insects,  belonging  to  the  Hmniptera,  have  completely  ac- 
quired a  pelagic  mode  of  life,  and  run  about  in  the  tropical  ocean  just 
as  our  ^^water-runner"  (Hydrometra)  on  the  surface  of  fresh  water. 
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Both  of  the  genera  belonging  there  {Halobates  and  Halohati>d€ii^  witli 
about  a  dozen  species)  are  limited  to  the  tropical  and  subtropical  zone. 
The  Challenger  found  them  in  the  Atlantic  between  35°  north  latitude 
and  20°  south  latitude;  in  the  Pacific  between  37°  north  latitude  and 
230  south  latitude.  I  myself  observed  Halobates  numerously  in  the 
Indian  Ocean,  and  on  one  day  in  crowds  in  the  neighborhood  of  Belli- 
gam.    Although  they  can  dive,  they  never  go  into  the  depths. 

J. — TUXICATES   OF  THE  PLANKTON. 

The  tribe  of  mantle  animals  falls  into  two  chief  divisions,  according 
to  their  mode  of  life.  The  aseidians  belong  to  the  benthos;  all  other 
tunicates  to  the  plankton.  The  Copelata  (or  Appendicularid/e)  are  mor- 
phologically the  oldest  branch  of  the  st-em,  and  are  to  be  regarded  as 
the  nearest  of  the  now  living  relatives  of  the  ProchordinicBj  the  hyjKv 
thetical  common  ancestor  of  the  tunicates  and  vertebrates  (30,  p.  605). 
The  near  relationship  of  the  Copelata  and  the  ascidian  larva  makes  it 
very  probable  that  the  whole  class  of  ascidians  has  sprung  from  the 
primarily  pelagic  Copelata,  and  has  diverged  from  this  through  the 
acquirement  of  a  sessile  mode  of  life.  The  Lticidice  or  Pyrosomid^^  on 
the  other  hand,  are  probably  secondarily  pelagic  animals,  and  sprang 
from  the  Cwlocormidw,  a  benthonic  synascidian  group.  The  Thalidia 
(the  DoUolidce  as  well  as  the  Salpid^)  are  to  be  regarded  as  primarily 
I)elagic  animals.  These  conditions  are  doubly  interesting,  because  the 
tunicates  in  an  exemplary  manner  demonstrate  the  peculiarities  which 
the  transition  on  one  side  to  a  sessile  mode  of  life  in  the  benthos  (in 
case  of  the  ascidians),  and  on  the  other  to  a  free-swimming  mode  of 
life  in  the  plankton  (in  the  case  of  all  other  tunicates),  has  brought 
about.  All  the  latt-er  are  transparent  and  luminous  fragile  animals, 
poor  in  genera  and  species,  but  rich  in  numbers  of  individuals.  The 
ascidians,  on  the  other  hand,  fastened  to  the  bottom,  in  part  litt^oralon 
the  coast,  in  part  abyssal  in  the  deep  sea,  are  much  richer  in  genera 
and  species,  in  many  ways  adapted  to  the  manifold  local  conditions  of 
the  bott<)m,  and  mostly  opaque.  The  few  hyaline  forms  {e.  (7.,  ClnvelUna) 
may  be  regarded  as  the  remnant  of  the  old  ascidian  branch,  which 
diverged  from  tlie  pelagic  Copelata, 

All  planktonic  tunicjites  are  exquisit43  oceanic  animals  and  all  may 
appear  in  immense  swarms  of  astonishing  extent.    Murray  (6,  pp.  170, 
521,  738,  etc.)  and  Chicrchia  (8,  pp.  32,  53,  75,  eU\)  met  with  great 
swarms  of  Appeiidiculariaj  Pyrofioma,  Doliolum,  and  Salpa  in  the  middle 
of  the  open  ocean,  both  in  the  Atlantic  and  Pacific,  particularly  in  the 
equatorial  zone.    I  observed  the  same  in  the  Indian  Ocean,  between 
Ceylon  and  Aden.    Further,  I  have  whole  bottles  full  of  closely  pressed 
Thalidiw,  which  Captain  Kabbe  collected  in  the  middle  of  the  Atlantic, 
Pacific,  and  Indian  oceans,  far  removed  from  all  coasts.     In  many  hg 
books  also  these  swimming  and  luminous  crowds  of  Salpa  and  Pyro- 
soma  on  the  open  sea,  far  from  all  coasts,  are  spoken  of.    On  the  other 
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hand  we  know  of  no  neritic  tuuicates,  no  other  forms  of  swimming 
mantled  animals  which  are  found  only  on  the  coasts,  except  the  omni- 
present ascidian  larva. 

Lately  Chun  has  established  the  interesting  fact  that  the  planktonic 
tanicates  occur  in  numbers  not  only  at  the  surface  and  in  slight  depths, 
but  also  during  the  summer  extend  down  into  greater  depths  (15,  pp. 
32,  42).  He  discovered  further  in  the  Mediterranean  new  Copelataj 
which  are  only  zonary  or  bathybic,  never  coming  to  the  surface  and 
characterized  by  peculiar  organization  as  well  as  difl'erence  in  size 
(Megahcereus  abyssorumj  3  centimeters  long,  15,  p.  40). 

The  small,  delicate  Copelata  and  Doliola^  from  their  small  size,  are 
naturally  more  difficult  to  see  than  the  large  luminous  Salpce  and 
Pyrosoma,  Whoever  has  carefully  examined  great  quantities  of  oceanic 
plankton  can  readily  testify  that  the  former  also  occur  almost  every- 
where and  occasionally  take  an  important  part  in  the  constitution  of 
the  mixed  plankton.  Among  the  Salpw  there  are  for  example  the 
smaller  species  which  form  extensive  swimming  shoals.  From  the 
three-year  observations  of  Schmidtlein  it  is  learned  that  the  oalpas 
belong  to  the  perennial  plankton  and  are  numerous  throughout  the 
whole  year  (19,  p.  123). 

K. — Vertebrates  of  tub  Plankton. 

The  vertebrates  of  the  sea  are  in  their  mature  condition  for  the  most 
part  too  large  and  have  too  powerful  voluntary  movements  to  be 
reckoned  in  the  true  plankton  in  Hensen's  sense,  as  ^*  animals  carried 
involuntarily  with  the  water."  The  sea  ftshes,  as  well  as  the  aquatic 
birds  and  mammals  of  the  sea,  overcome  more  or  less  easily  the  impetus 
of  the  currents,  and  thereby  prove  their  independence  by  voluntary 
movements,  which  is  not  commonly  the  case  with  the  floating  inver- 
tebrate animals  of  the  plankton.  Meanwhile  I  have  already  shown 
above  that  this  limitation  of  the  ^ton^fon  against  the  nekton  is  very 
arbitrary  and  at  any  moment  may  be  changed  in  favor  of  the  latter 
through  diminution  of  the  strength  of  the  current.  For  the  chief  point 
of  Hensen's  plankton  investigation,  for  the  question  of  the  "cycle  of 
matter  in  the  sea,''  the  vertebrates  are  of  greatest  importance,  since 
they,  the  largest  of  the  rapacious  animals  of  the  sea,  daily  consume  the 
greatest  quantity  of  plankton,  no  matter  whether  directly  or  indirectly. 
A  single  sea  fish  of  medium  size  may  daily  consume  hundreds  of 
pteropods  and  thousands  of  Crustacea,  and  in  case  of  the  giant  cetaceans 
this  quantity  may  be  increased  ten  or  a  hundred  fold.  In  a  compre- 
hensive consideration  of  the  plankton  conditions,  and  particularly  in 
its  physiological,  CBcological,  and  chorological  discussion,  a  thorough 
inve-stigation  of  the  vertebrates  swimming  in  the  sea,  the  marine  fishes, 
the  aquatic  birds,  seals,  and  cetaceans,  is  not  to  be  undertaken.  We 
can  then  turn  from  it  here,  since  it  has  no  further  relation  to  the  pur- 
pose of  this  plankton  study.    We  can  here  in  Hensen's  sense  (9,  p,  1) 
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proyiBionaJly  limit  ourselves  to  the  vertebrates  of  the  sea  ^^  carried 

involantarily  with  the  water,"  and  as  such  (apart  from  a  few  small 

pelagic  fishes)  only  the  pelagic  eggs,  young  brood,  and  larvsB  of  the 

marine  fishes  come  into  consideration.     Some  few  teleosts  {ScopeUditj 

TrichiuridWj  et  al.)  occur  sometimes  in  schools  in  the  plankton  and 

are  partly  autopelagic,  partly  bathypelagic.    The  remarkable  LcpUh 

cephalidas  are  possibly  planktonic  larvsB  (of  MtirQBnmdai)^  which  never 

become  sexually  mature  (7,  p.  562). 

Fish  eggs. — ^The  planktonic  fish  eggs,  found  in  great  nmnbers  at  the 

surface  of  the  sea,  as  well  as  the  young  fish  escaped  from  them,  play 

without  doubt  a  great  r61e  in  the  natural  history  of  the  sea.     Hensen, 

whose  planktonic  investigation  started  from  this  iK)int,  had  thereupon 

<^  based  the  hope  to  obtain  a  far  more  definite  conclusion  upon  the  supply 

of  certain  species  of  fishes  than  had  hitherto  seemed  to  be  possible"  (9, 

p.  39).    But  the  assumption  firom  which  he  starts  is  wholly  untenable. 

Hensen  says  (2oc.  dt,): 

It  is  acaroely  to  be  doubted  that  an  opinion  upon  the  relative  wealth  of  TariooB 
kinds  of  fish  in  the  Baltic  or  in  any  other  part  of  theocean  whatever  can  be  obtained 
through  the  determination  of  the  quantity  of  eggs  in  the  area  under  consideration. 

Brandt  also  characterizes  this  proposition  as  very  ludd  and  weighty 
(23,  p.  517). 

This  standard  proposition  of  Hensen  and  Brandt,  from  which  a  series 
of  very  important  and  complicated  computations  are  to  be  made,  was 
disposed  of  in  a  brilliant  manner  thirty  years  ago  by  Charles  Darwin. 
In  the  third  chapter  of  his  epoch-making  <<  Origin  of  Species,''  treating 
of  the  ^<  Struggle  for  Existence,"  Darwin,  under  the  head  of  Malthus' 
theory  of  population,  speaks  of  the  conditions  and  results  of  individual 
increase,  the  geometric  relation  of  their  increase,  and  the  nature  of  the 
hindrances  to  increase.  He  points  out  that  ^Hn  all  ccLses  the  average 
number  of  individuals  of  any  species  of  plant  or  animal  depends  only 
indirectly  on  the  number  of  seeds  or  eggs,  but  directly  on  the  conditions 
of  existence  under  which  they  develop."  Striking  examples  of  these 
facts  are  everywhere  at  hand,  and  I  myself  have  mentioned  a  number  of 
them  in  my  "Natural  History  of  Creation"  (30,  p.  143).  Still,  to  draw 
a  few  examples  from  the  life  of  the  plankton,  I  recall  in  this  connection 
many  pelagic  animals;  e.  g.,  cmstacea  and  medusae.  Many  small  medu- 
SSB,  which  belong  to  the  most  numerous  animals  of  the  pelagic  fauna 
{e.  g.j  Obelia  and  Lirope)  produce  relatively  few  eggs;  as  also  copepods, 
the  conunonest  of  all  planktonic  auimals.  Incomparably  greater  is  the 
number  of  eggs  produced  by  a  single  large  medusa  or  decapod,  which 
belongs  to  the  rarer  species.  So,  from  the  number  of  pelagic  fish  eggs 
not  the  slightest  concltLsion  can  be  drawn  as  to  the  number  of  fish  which 
develop  from  them  and  reach  maturity.  The  major  portion  of  the 
planktonic  fish  eggs  and  young  are  early  consumed  as  food  by  other 
animals. 
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v.— COMPOSITION  OF  THB  PLANKTON. 

The  composition  of  the  plankton  is  in  qualitative  as  well  as  quantitative 
relations  very  irregular j  and  the  distribution  of  the  same  in  pUice  and 
time  in  the  ocean  also  very  unequal.  These  two  axioms  apply  to  the 
oceanic  as  well  as  to  the  neritic  plankton.  In  both  these  important 
axioms,  which  in  my  opinion  must  form  the  starting-point  and  the 
foundation  for  the  cecology  and  chorology  of  the  plankton^  are  embodied 
the  concordant  faiidamental  conceptions  of  all  those  naturalists  who 
have  hitherto  studied  carefully  for  a  long  time  the  natural  history  of 
the  pelagic  fauna  and  flora. 

The  surprise  was  general  when  Prof.  Hensen  this  year  advanced  an 
entirely  opposite  opinion,  "that  in  the  ocean  the  plankton  was  dis- 
tributed so  equally  that  from  a  few  hauls  a  correct  estimate  could  be 
made  of  the  condition  in  a  very  much  greater  area  of  the  sea'*  (22,  p. 
343).  He  says  himself  that  the  plankton  expedition  of  £iel,  directed 
by  him,  started  on  this  ^^ purely  theoretical  view^^  and  that  it  had  "/wW 
results  because  this  hypothesis  was  proven  far  more  completely  than 
could  have  been  hoped"  (22,  p.  244).* 

These  highly  remarkable  opinions  of  Hensen,  contradictory  to  all 
previous  conceptions,  demand  the  most  thorough  investigation;  for  if 
bhey  are  true,  then  all  naturalists  who  many  years  previously,  and  in 
the  most  extensive  compass,  have  studied  the  composition  and  distri- 
bution of  the  plankton  are  completely  in  error  and  have  arrived  at 
entirely  false  conclusions.  If,  on  the  other  hand,  these  propositions  of 
Hensen  are  false,  then  his  entire  plankton  theory  based  thereon  falls, 
a.nd  all  his  painstaking  computations  (on  which  in  the  last  six  years  he 
bas  si)ent  17,000  hours,  which  he  wishes  to  have  number  the  individ- 
uals distributed  in  the  plankton)  are  utterly  worthless. 

In  the  first  place,  the  empirical  basis  upon  which  Hensen  founded  his 
^sumptions  must  be  proved,  "  starting  from  a  purely  theoretical  point 
of  view."  The  plankton  expedition  of  Kiel  was  93  days  at  sea,  and  in 
the  months  of  late  summer  (July  15  to  November  7)  which,  as  is  known, 
offer  m  the  northern  hemisphere  the  most  unfavorable  time  of  all  for 
pelagic  fishery  (28,  p.  16, 18).  Hensen  himself  says  that  it  bore  the 
'^character  of  a  trial  trip"  (22,  p.  10),  and  his  companion  Brandt  names 
it  a  "reconnaissance  ^  upon  which  they  had  come  to  investigate  rapidly 

*  Hensen  speaks  of  this  in  the  foUowing  terms :  ''  Hitherto  it  was  the  prevailing 
riew  that  the  inhabitants  of  the  sea  were  distributed  in  schools,  and  that  one,  ac- 
cording to  lack  and  chance,  according  to  wind,  current,  and  season,  sometimes  came 
ipon  thick  masses,  sometimes  upon  uninhabited  x'arts.  This  in  fact  applies  only  in 
\  certain  degree  for  the  harbors.  For  the  open  sea  our  knowledge  teaches  that  nor- 
mally regular  distribution  obtains  there,  which  changes  in  thickness  and  ingredienta 
>nly  within  wide  zones  corresponding  to  the  climatic  conditions.  In  any  case  one 
QQOBt  seek  the  variation  from  such  condition  according  to  the  cause  which  has  pro- 
luced  it,  and  the  occurrence  of  inequality  is  not  to  be  taken  as  the  given  starting- 
point  for  relative  investigation''  (22,  p.  244). 
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in  succession  as  great  areas  as  possible"  (23,  p.  525).  In  a  more 
remarkable  way  he  adds:  ''Thereby  hasresalted  the  famishing  of  a 
fixed  basis  for  a  thorough  quantitative  and  qualitative  analysis  of 
marine  organisms."  According  to  my  view  such  ''fixed  basis"  was 
obtained  long  ago,  particularly  by  the  widely  extended  investigations 
of  the  Challenger  expedition  (from  January,  1873,  to  May,  1876),  fitted 
out  with  all  appliances.  This  embrace<^l  a  period  of  forty  months,  and 
included  "the  whole  expanse  of  the  ocean."  Their  experience  ought 
to  lay  claim  to  much  greater  value  than  that  of  the  Nationalj  whose 
voyage  of  three  months  took  in  only  a  part  of  the  Atlantic,  and  was  in 
addition  trammeled  by  bad  weather,  accidents  to  the  ship,  early  loss  of 
the  large  vertical  nets,  and  other  misfortunes  in  the  carrying  oat  of  their 
plans.  It  is  hardly  conceivable  how  an  "  exact  investigator,"  from  so 
incomplete  and  fragmentary  experience,  can  derive  the  "fixed  basis" 
for  new  and  far-reaching  views,  which  stand  in  remarkable  contradic- 
tion to  all  previous  experience. 

It  would  here  lead  too  far,  if,  from  the  numerous  old  and  new  narra- 
tives of  voyages,  I  should  collect  the  observations  of  seafarers  ui)on 
the  remarkable  inequality  of  the  sea  population,  the  different  fauna  and 
flora  of  the  regions  of  currents,  the  alternation  of  immense  swimming 
swarms  of  animals  and  almost  uninhabited  areas  of  sea.  It  is  sufficient 
to  point  out  the  two  works  in  which  the  most  extensive  and  thorough 
knowledge  up  to  this  time  is  collected,  the  "  Il^arrative  of  the  Cruise  of 
H.  M.  S.  Challenger j^  edited  by  John  Murray  (6),  and  the  "  Collezioni 
della  E.  Corvetta  Yettor  Fisani^^  (8),  published  by  Chierchia,  Since  the 
general  chorological  and  (Bcological  results  in  these  two  principal  works 
agree  fully  with  my  own  views  gained  from  thirty  years'  experience,  I 
pass  immediately  to  a  general  exposition  of  these  latter,  reserving  their 
proof  for  a  later  special  work. 

A. — POLYMIXIC  AND  MONOTONIC  PLANKTON. 

The  constitution  of  the  planMon  of  sicimming  plants  and  animaU  of 
different  classes  is  exceedingly  manifold.  In  this  regard  I  distinguish 
first  two  principal  forms,  polymixic  and  monotonic  plankton.* 

The  "mixed  tow-stuif  {Auftrieh)^  or  the  polymixic  planktonj^  is  com- 
posed of  organisms  of  different  species  and  classes  in  such  a  way  that 
no  one  form  or  group  of  forms  composes  more  than  the  one-half  of  the 
whole  volume.  The  '^simple  tow-stuff,  on  the  other  hand,  or  the  monotonic 
planJctoUj^^  shows  a  very  homogeneous  composition,  while  a  single  group 
of  organisms,  a  single  species  or  a  single  genus,  or  even  a  single  family 
or  order,  forms  very  predominantly  the  chief  mass  of  the  capture,  at 
least  the  greater  part  of  the  entire  volume  of  the  plankton,  often  two- 
thirds  or  three-fourths  of  it,  sometimes  even  more.  Under  this  mon- 
otonic plankton  one  may  again  distinguish  prevalent  planJctony  when 
the  predominant  group  forms  up  to  three-fourths  of  the  total  volume^ 

* TloXiffUKTo^  =  much  mixed,  complex*,  piovorovoc  =  of  a  suigle  form,  aimple. 
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and  uniform  plankton  when  this  exceeds  three-fourths  and  forms  almost 
the  whole  mass. 

In  general  the  mixed  plankton  is  more  abundant  than  the  simple, 
since  as  a  rule  the  circumstances  of  the  ^<  struggle  for  existence"  condi- 
tion and  vary  in  many  ways  the  constitution  of  the  planktonic  flora  and 
fauna.  Still  there  are  numerous  exceptions  to  this  rule,  and  at  many 
points  in  the  ocean  (especially  in  the  zoocurrents)  there  occurs  locally 
a  development  so  numerous,  and  an  accumulation  of  a  single  form  or 
group  of  forms  in  such  swarms,  that  these  in  the  haul  of  the  pelagic  net 
form  more  than  one-half  the  entire  volume.  This  monotonic  plankton 
appears  in  very  different  definite  forms;  for  the  difierence  of  climate, 
the  season,  the  oceanic  currents,  the  neritic  relation,  etc.,  determine 
significant  differences  in  the  quantitative  development  of  the  plankton 
organisms,  which  simultaneously  appear  in  vast  numbers  in  a  definite 
region.  I  will  next  briefly  go  over  the  single  forms  of  the  monotonic 
plankton  known  to  me,  passing  over,  however,  the  consideration  of  the 
extremely  manifold  composition  of  the  polymioHo  plankton^  since  I  am 
reserving  that  as  well  as  a*  contribution  of  a  number  of  mixture-tables 
for  a  later  work. 

1.  Monotonic  Protophytic  Plankton, — Of  the  seven  groups  of  pelagic 
ProtophyteSj  at  least  three,  the  IXatoms,  MurraeyteSj  and  Peridinece^ 
appear  in  such  quantities  in  the  ocean  that  they  alone  may  constitute 
the  larger  part  of  the  collection  of  the  pelagic  nets.  The  most  impor- 
tant and  most  common  is  the  monotonic  diatomplanktony  particularly  in 
brackish  and  coast  waters.  The  siliceous-shelled  unicellular  Protophytes 
which  compose  this  belong,  often  predominantly  or  almost  entirely,  to 
a  single  species  or  genus,  iis  Synedre  in  the  colder,  Chcetoceros  in  the 
warmer  seas.  The  colossal  masses  of  Arctic  and  Antarctic  diatoms, 
which  form  the  "black-water,"  the  feeding-ground  of  whales,  have  been 
mentioned  above.  In  the  warmer  tropical  and  subtropical  parts  of 
the  ocean  such  accumulations  of  diatoms  seldom  or  never  occur.  Here 
their  place  is  taken  by  the  monotonie  murracyte-planktonj  composed  of 
immense  swarms  of  nyctipelagic  Pyrocystidas.  Less  frequent  is  the 
monotonic  peridbieceplankton.  Although  these  Dinoflagellata  take  a 
very  significant  part  in  the  composition,  especially  of  the  neritic  plank- 
ton, yet  they  do  not  often  occur  in  such  quantities  as  to  form  the 
greater  part  of  the  volume  of  the  capture. 

2.  Monotonic  MetaphyticPlankton. — Among  the  pelagic  Metaphytes 
there  are  only  two  forms,  the  Oscillatoriw  and  the  Sargassece,  which 
appear  so  numerously  that  they  form  the  greater  part  of  the  pelagic 
tow-stuflf.  The  monotonic  oscillatoricB-planktonj  as  a  rule  formed  of 
swimming  bundles  of  fibers  of  a  single  species  of  Trichodesmium^  ap- 
pears in  many  regions  of  the  tropical  ocean  in  such  masses  that  the 
quantity  of  the  pelagic  fauna  is  diminished  on  that  account.  The 
fnanotonic  sargassum-plankton^  formed  of  "swimming  banks"  of  a  single 
fhcoid,  Sargaasum  bacciferum,  is  the  characteristic  massive  form  of 
organic  life  in  the  Halistasa  of  the  "  Sargasso  Sea." 

a  Mis.  113 39 
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3.  Monotonic  Protozoic-PlankUm. — Among  the  unicellular  Protozoa^ 
three  different  groups,  the  Noctilucaj  Ol^higerina,  and  Badiolaria^  ap- 
pear pelagically  in  such  quantities  that  they  form  the  greater  part  of 
the  volume  of  the  plankton.  The  monotonic noctilucaplanlcUm  is  neritic, 
and  is  composed  almost  exclusively  of  milliards  of  the  common  Noeti- 
luca  miliaris.  It  forms  the  reddish-yellow  covering  of  slime  upon  the 
surface  of  the  coast  seas,  and  in  the  ocean  always  points  out  the  litto- 
ral currents.  On  the  other  hand,  the  widely  distributed  monotonic  gh- 
higerina-planlcton  is  purely  oceanic,  the  point  of  origin  of  the  globigerina 
ooze  of  the  deep  sea.  In  different  regions  of  the  ocean  it  is  composed 
of  different  genera  of  the  above-mentioned  pelagic  thalamophores. 
Much  more  manifold  is  the  monotonic  radiolaria-planlcton^  altso  oceanic. 
Of  these,  one  can  distinguish  the  three  following  modifica^tions:* 

(1)  Polycj/ttarior  Plankton,  sometimes  composed  only  of  Collozoumy 
sometimes  of  Sphcerozoumj  sometimes  of  CoUonphcera,  most  often  of  a 
mixture  of  these  three  forms;  in  the  warmer  seas,  partly  pelagic,  partly 
zonary;  very  abundant. 

(2)  AcanthariorPlanktony  commonly  formed  of  milliards  of  a  single  or 
of  a  few  species  of  Acanthometron  (in  the  colder  seas,  e.  g.,  on  the  east 
and  west  coast  of  South  America,  south  of  40°  S.  lat. ;  also  north  of 
60^  K  lat.  on  the  coast  of  Shetland,  Faroe-Orkney,  and  Norway) ;  partly 
autopelagic,  partly  bathypelagic. 

(3)  PhcDodaria- Plankton,  zouary  and  bathybic,  mostly  composed  of  the 
larger  species  of  Aulosphasridce  and  Sa^osphcBridae,  Coelodendridfie  and 
Coelographidce  {e,  (/.,  Coeloplegina  murrayanum  from  the  Faroe-Orkney 
Channel,  4,  p.  1757). 

4.  Monotonic  Cnidaria-Plankton, — In  the  group  of  nettle  animals 
there  are  numerous  forms  of  medusae,  siphonophores,  and  ctenophores, 
which  appear  in  immense  schools.  The  ^nonotone  m^dusa^plankUm  is 
chiefly  neritic,  composed  of  very  different  local  forms  on  the  different 
coasts.  Of  the  larger  Aeraspedotaj  in  the  warmer  seas  Rhizostoma  (PU- 
emidoBj  Crambessidw)  particularly  occur;  in  the  colder,  Semostoma 
(Aurelidce,  Cyanidm),  which  in  schools  fill  the  littoral  bays  and  cur- 
rents. Of  the  oceanic  Scyphomedusw,  Pelagia  seems  to  form  similar 
schools.  Among  the  Craspedota,  monotonic  medusa-plankton  is  espe- 
cially formed  of  neritic  Cordonidw,  Margelid4je,  mid  Eucopid€ey  of  oceAme 
JSquoridoij  Liriopidoe,  and  Trachynemidw,  Monotonic  siphonophora- 
plankton  occurs  only  in  the  warmer  seas,  although  Diphyidea  are  found 
abundantly  in  all  parts  of  the  ocean.  The  remarkable  blue  troops  of 
the  pelagic  Physalidw,  Porpididee,  and  VeUllidce  have  for  a  long  time 

*Radiolarian-plaukton  is  contained  in  13  preparations  of  the  Radiolaria  coUection, 
which  I  have  collected  (1890)  and  which  can  be  bought  through  the  famulus  Franz 
Pohle  at  Jena;  8  of  these  preparations  contain  polycyttaria-plankton,  2  acanthari*- 
plankton,  and  3  phasdodaria-plankton.  This  collection  (of  34  microscopical  prepa- 
rations) embraces  in  addition  17  preparations  of  the  radiolarian-ooee  of  the  deep  0M> 
and  4  preparations  of  deep  sea  horny-sponges,  whose  pseado-akeleton  is  oompoMd 
of  rodioiarian  slime.    (ChaHeBgei  Kt£i\^oct,  ^art  lxxxii.) 
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in  the  tropical  and  subtrapical  seas  attracted  the  attention  of  seafarers 
by  their  immense  numbers  as  well  as  by  the  irregularity  of  their  sudden 
appearance  and  disappearance.  Itarer  is  a  lyurely  physoneetic  j^l^jik' 
ton  chiefly  comx>osed  of  Forskalia;  I  have  observed  such  repeatedly  at 
Lanzarote.  At  that  same  place  also  occurred  frequently  a  manotonic 
etenophora-planJcton,  These  delicate  nettle  animals  also,  as  is  well 
known,  like  the  Medusae  and  Siphanophores^  appear  in  such  closely 
packed  crowds  that  there  is  scarcely  room  between  them  for  other 
pelagiQ  animals.  Not  infrequently  the  great  accumulation  of  a  single 
species  of  ctenophore  imparts  to  the  plankton  a  very  remarkable  char- 
acter, and  this  is  true  in  all  oceans,  in  the  cold  as  well  as  in  the  warm 
and  temperate  zones.  More  often  it  happens  that  the  monotonic  cnid- 
aria-plankton  is  composed  of  several  species  of  Medusae^  SiphonophoreSj 
and  OteruyphoreSj  while  other  classes  of  animals  take  only  a  very  limited 
share  in  its  constitution. 

6.  Manoianic  8agittidw-Plankton, — ^The  only  form  of  monotonic  plank- 
ton which  the  branch  of  Helminthes  furnishes  is  made  up  by  the  class 
of  the  ChcBtognatha^  various  species  of  the  genera  Satgitta  and  Spadella. 
Although  purely  oceanic  according  to  their  mode  of  life,  yet  they  occur 
numerously  in  the  neritic  tow-stuff  {Auftrieh).  Sometimes  only  a  single 
si)ecie8  of  these  genera,  sometimes  several  species  close  together, 
appear  in  such  swarms  as  to  make  up  more  than  half  of  the  entire 
plankton.  These  phenomena  have  been  observed  in  the  colder  as  well 
as  in  the  warmer  seas.  In  the  former  the  plankton  is  composed  of  the 
smaller,  in  the  latter  of  the  larger  species.  These  forms  occur  also  in 
the  deep  sea,  and  indeed  the  zonary  sagittidce-plamlcton  is  composed 
of  different  species  from  the  pelagic. 

6.  MtmoUmio  PteropodorPlankton. — Astonishing  masses  of  oceanic  pte- 
ropods  are  very  widely  distributed  in  all  parts  of  the  ocean,  and  in  part 
are  formed  of  characteristic  genera  and  species  in  the  different  zones. 
The  immense  schools  of  Clio  borealis  and  Liinacina  arctica^  which 
inhabit  the  northern  seas  and  (as  "whale-food")  furnish  the  chief 
food  supply  for  many  cetaceans,  sea-birds,  fishes,  and  cephalopods, 
have  long  been  known.  But  no  less  immense  are  other  swarms  of 
pteroxK)ds,  composed  of  different  genera  and  species,  which  populate 
the  seas  of  the  temperate  and  tropical  zones.  These  have  often  escaped 
the  notice  of  seafarers,  because  most  species  are  nyctipelagic.  Of  the 
immense  quantities  of  these  floating  snails,  direct  evidence  is  furnished 
by  the  accumulated  calcareous  shells,  which  in  many  stretches  of  ocean 
(especially  in  the  tropical  zone)  thickly  cover  the  bottom  at  depths 
between  600  and  1,500  fathoms.  Often  the  greater  part  of  this 
"pteropod-ooze  "  is  formed  solely  of  them  (6,  pp.  126, 922).  At  Messina 
as  well  as  at  Lanzarote  I  found  the  pteropod-plankton  often  mixed  with 
considerable  numbers  of  heteropods.  Still  the  latter  never  form  the 
greater  part  of  the  volume. 
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7.  Monotonic  Crustacea-Plankton, — As  the  crustaceans  surpass  all 
other  classes  of  the  animals  of  the  plankton  in  quantitative  develop- 
ment, so  they  form  monotonic  plankton  far  more  often  than  all  other 
classes.  Most  commonly  this  simple  crustacean-plankton  is  composed  of 
copepods,  not  infrequently  entirely  of  a  single  8i>ecies  (6,  pp.  768,  843). 
Next  to  this  I  have  more  frequently  found  monotonic  osira^eodor-plank' 
ton;  next  schizopoda-plankton.  Sometimes  also  there  are  in  these  two 
orders  only  numberless  individuals  of  a  single  species,  sometimes  of 
many  different  species,  which  compose  the  monotonic  plankton,  often 
almost  exclusively,  and  at  other  times  mixed  with  additions  of  other 
CruBtaeea^  Sagitta,  Salpa^  etc.  The  other  above-mentioned  orders  of 
crustaceans,  which  also  take  a  considerable  part  in  the  constitution  of 
the  plankton,  the  decapods,  amphipods,  and  phyllopods,  I  have  never 
found  in  such  quantities  that  they  formed  more  than  half  of  the  mass 
of  tow- stuff.  On  the  contrary,  such  quantities  of  crustaeean-larvie  of 
one  species  {e,  g,j  of  Lepas  and  other  cirripeds)  occasionally  appear  that 
they  predominantly  determine  the  character  of  the  plankton. 

8.  Monotonic  Tunicata-Plankton, — Next  to  the  monotonic  forms  of 
plankton,  which  are  composed  of  Crustucea  and  Cnidaria^  that  of  the 
Tunicata  is  most  numerous.  Quite  preponderant  in  quantity  are  the 
Thalidice  or  Salpacece  {Salpa  and  Salpella),  and  among  these,  especially 
the  smaller  species  {Salpa  democraticamucronata^  8.  rundnata-ftm- 
formisy  and  related  species).  I  have  often  taken  such  monotonic  salpa 
plankton  in  the  Mediterranean,  in  the  Atlantic  and  Indian  oceans,  and 
have  received  the  same  also  through  Capt.  Kabbe  from  different  parte 
of  the  Pacific  Ocean.  Masses  of  DoUolum  and  of  Copelata  {Appetidicu- 
lariuy  Vexillariaj  etc.)  are  also  commonly  mixed  with  this  in  greater  or 
less  quantities.  Still  these  planktonic  tunicates,  on  account  of  their 
small  size,  recede  before  the  Salpw.  I  know  of  no  instance  where  they 
have  by  themselves  formed  a  monotonic  plankton.  But  this  is  the 
case  with  the  nyctipelagic  pyrosoma.  The  Challenger  and  the  Vettor 
Pisani  in  the  tropics,  on  dark  nights,  met  with  quantities  of  monotonic 
pyrosoma  plankton  in  the  middle  of  the  Atlantic  and  Pacific.  By  day 
not  a  single  one  of  these  ^<  cones  of  fire  "  was  to  be  seen,  and  as  soon 
as  the  moon  arose  they  went  into  the  depths  (8,  pp.  32, 34). 

9.  Monotonic  Fi^h- Plankton. — If,  with  Hensen,  we  limit  the  term 
plankton  to  the  halohios  floating  passively  in  the  sea,  we  can  desig- 
nate as  "monotonic  fish-plankton"  only  the  schools  of  very  young  and 
small  fishes,  which  often  ajipear  abundantly  in  the  currents,  occasioD- 
ally  so  compact  that  very  few  other  pelagic  animals  can  find  room 
between  them.  If  one  wishes  to  extend  the  term  still  farther,  and  wii)e 
out  the  sharp  distinction  between  plankton  and  nekton^  all  those  sea 
fishes  (oceanic  as  well  as  neritic)  which  appear  in  schools,  and  which 
play  so  significant  an  (ecological  rdle  in  the  cycle  of  matter  in  the  sea 
{e.  g.,  ScopelidcB,  Clupeidce^  LeptocephalidcBy  Scomberoidai)  will  in  general 
belong  here  (12,  p.  51). 
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B.— Temporal  Planktonic  Differkncbs. 

The  first  and  most  remarkable  phenomenon,  known  to  every  seafaring 
planktologist,  is  the  varying  constitution  of  the  plankton  and  the  vari- 
able mingling  of  its  constituents.  The  remarkable  diflferences  of  com- 
position apply  qualitatively  and  quantitatively  to  the  oceanic  as  well  as 
to  the  neritic  plankton.  They  are  just  as  important  in  the  comparison 
of  different  places  during  the  same  time  as  at  different  times  in  one 
and  the  same  place.  We  can  therefore  distinguish  local  and  temporal 
variations,  and  will  first  of  all  consider  the  latter. 

To  obtain  a  complete  and  more  certain  survey  of  the  temporary  vari- 
ations of  plankton  composition,  there  would  be  needed  especially  an 
unbroken  series  of  observations,  which  had  been  carried  on  at  one  and 
the  same  place  at  least  for  the  space  of  a  full  year — still  better  for 
several  successive  years — to  obtain  from  the  yearly  and  monthly  oscil- 
lations a  general  average.  Such  complete  series  of  observations^  com- 
parable to  the  meteorological  (with  which  they  stand  in  direct  causal 
connection),  have  not  hitherto  been  made.  They  belong  to  the  most  im- 
portant tasks  of  the  zoological  stations  now  everywhere  springing  up.* 

Meanwhile,  a  general  conception  of  the  considerable  size  of  the  yearly 
and  monthly  oscillations  can  be  obtained  from  a  comparative  summary 
based  upon  the  important  series  of  observations  extending  over  three 
years,  which  Schmidtlein  has  given  upon  the  appearance  of  the  larger 
pelagic  animals  in  the  Gulf  of  Kaples,  during  1876-77  (19,  p.  120). 
The  contributions  of  Graeffe  upon  the  occurrence  and  time  of  appear- 
ance of  marine  animals  in  the  Gulf  of  Trieste  are  also  worthy  of  notice 
in  this  connection  (20). 

The  considerable  temporal  variations  which  underlie  the  appearance 
of  the  i)elagic  organisms  and  which  determine  such  great  differences  in 
the  plankton  composition,  relative  to  quality  and  quantity,  may  be 
divided  into  four  groups:  (1)  yearly,  (2)  monthly,  (3)  weekly,  (4)  hourly 
variations.  Their  causes  are  manifold,  partly  meteorological,  partly 
biological.  They  are  comparable  to  corresponding  temporal  oscillations 
of  the  terrestrial  flora  and  fauna,  on  one  side  depending  upon  climatic 
conditions  and  meteorological  processes,  and  on  the  other  upon  the 
changing  mode  of  life,  especially  upon  the  conditions  of  reproduction 
and  development.  As  the  annual  development  of  most  terrestrial 
plants  is  connected  with  definite  time  conditions,  as  the  period  of  bud- 
ding and  leaf  development,  of  their  blossoming  and  fructification,  has 

*  My  own  extensive  experience,  I  am  sorry  to  say,  is  in  this  regard  very  insufficient, 
since  I  have  never  worked  at  a  zoological  station,  and  since  osnally  I  was  only  so 
fortunate  as  to  go  to  the  seacoast  for  a  few  months  (or  even  only  for  a  few  weeks) 
during  the  academic  vacation.  Only  once  have  I  had  the  opportunity  to  extend  my 
plankton  studies  at  one  and  the  same  place  to  a  half  year  (from  October,  1859,  to 
April,  1860,  at  Messina,  3,  p.  v,  166),  and  three  times  have  I  carried  them  on  for 
three  months  at  the  same  place — in  the  summer  of  1859  at  Naples,  in  the  winter  of 
1866-67  at  Lanzarotei  and  in  the  winter  of  1881-82  in  Ceylon. 
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become  adapted  to  the  meteorological  couditions,  the  time  of  year  and 
other  conditions  of  life  in  the  "  straggle  for  existence,  ^  so  also  the 
annual  development  of  most  marine  animals  is  governed  by  definite, 
inherited  habits.  With  them  also  the  influence  of  meteorological  vari- 
ations on  the  one  side,  of  (ecological  relations  on  the  other,  are  of  the 
greatest  importance  for  the  periodical  appearance.  Most  organisms 
appear  in  the  plankton  only  periodically,  and  only  very  few  can  be 
reckoned  as  belonging  to  the  ^^  perennial  plankton"  in  Hensen's  sense 
(9,  p.  1).  This  investigator  also  attaches  great  importance  to  the  tem- 
poral "  highly  remarkable  variations  "  in  the  plankton  composition  (9, 
pp.  29,  59);  he  exx)lains  it  in  part  by  "  periods  of  famine"  (p.  53). 

Yearly  oscillations. — The  plankton  literature  has  hitherto  contained 
only  a  few  reliable  statements  upon  the  yearly  variations,  which  underlie 
the  appearance  of  the  pelagic  animals  and  plants.  Still  there  are  a  few 
contributions  of  high  merit,  extending  over  a  series  of  years,  namely 
those  of  Schmidtlein  from  Naples  (19)  and  of  Graeffe  from  Trieste 
(20).  Even  the  first  glance  at  the  tables,  those  of  the  former  relating 
to  the  appearance  of  the  pelagic  animals  in  the  Gulf  of  Kaples,  shows 
us  how  remarkably  diff'erent  was  the  action  of  the  majority  of  these 
in  several  successive  years.  As  there  are  good  and  bad  wine  and  fruit 
years,  so  there  are  rich  and  barren  plankton  years.  But  Schmidtleiu 
correctly  remarks  that  extensive  observations  extending  through  a 
long  series  of  years  are  demanded  to  gain  a  deeper  insight  into  the 
meaning  of  these  yearly  and  monthly  variations  shown  in  the  tables. 
The  same  view  is  also  held  by  Chun,  who,  in  his  monograph  of  the 
ctenophores  of  the  Gulf  of  Naples  (p.  236),  points  out  how  very  differ- 
ent was  the  number  of  these  in  five  successive  years. 

Graeffe,  resting  on  the  basis  of  his  observations  for  many  years,  says 
of  CotylorMza  tuherculata,  that  this  beautiful  acaleph  has  not  for  many 
years  been  found  in  the  Adriatic,  in  other  years  only  individually,  but 
not  at  all  rarely  (yet  always  only  in  the  three  months  of  July,  August, 
and  September).  Just  as  variable  is  the  occurrence — ^^  according  t'O  tJie 
year"— of  Umbrosa  lohata  and  other  medusae.  Of  the  six  species  of 
ctenophores  of  the  Gulf  of  Trieste,  only  one  appears  every  year,  the  five 
others  only  now  and  then.  Not  only  do  the  quantities  of  individuals, 
but  also  the  "  time  of  appearance  of  pelagic  animals  change  according  to 
the  meteorological  conditions  of  the  time  of  year"  (20,  v,  p.  361).  I 
myself  can  folly  establish  this  proposition  on  the  ground  of  observa- 
tions which  I  have  made  in  the  course  of  many  years  of  medusa 
studies.  Many  of  these  "capricious  beauties"  occur  in  one  and  the 
same  place  on  the  Mediterranean  coast  (e.  g.j  in  Portofino,  in  Villa- 
franca),  numerously  in  the  first  year,  rarely  in  the  second,  and  not  at 
all  in  the  third.  When,  in  April,  1873, 1  fished  in  the  Gulf  of  Smyrna, 
it  was  frill  of  swarms  of  the  great  j^elagic  Chrysaora  hyosoeUa.  In 
April,  1887,  when  for  the  second  time  I  sought  the  same  gulf,  I  oould 
not  find  a  single  individual  of  that  beautiful  medusa,  but  instead  liie 
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gulf  was  filled  by  crowds  of  a  new,  hitherto  undescribed,  large  medusa, 
Drymoneina  cardelia.  Thousands  of  these  Gyaneidce  lay  cast  upon  the 
beach  at  Gordelio.* 

Monthly  oscillations. — ^The  time  of  year  is  of  just  as  great  importance 
for  the  appearance  of  very  many  pelagic  animals  as  for  the  flowering 
and  fruit  formation  of  land  plants.  Many  of  the  larger  planktonic  ani- 
mals, MeduscBj  SiphonophoreSj  GtenophoreSj  HeteropocU,  Pyrosoma,  etc., 
appear  only  in  one  month  or  during  a  few  months  of  the  year.  They 
form  Hensen's  "periodic  plankton."  In  the  Mediterranean  many 
pelagic  animals  are  numerous  in  the  winter,  while  in  the  summer  they 
are  entirely  wanting.  This  "  periodical  appearance  of  pelagic  animals" 
has  long  been  known  and  often  mentioned;  but  not  so  the  important 
fact  that  these  ethoral  periods  themselves  show  considerable  variations. 
For  this  the  tables  of  Schmidtlein  (19)  and  the  notes  of  Graeflfe  (20) 
give  important  points  of  support.  Especially  the  DisconectcB  and  other 
Siphonophores^  behave  very  irregularly.  The  cause  of  the  monthly 
variation  lies  on  the  one  side  in  the  conditions  of  reproduction  and 
development;  on  the  other  in  the  varying  temperature  of  the  season, 
as  Chun  has  lately  shown  (15, 16). 

Daily  oscillations. — Every  naturalist  who  has  observed  and  fished 
pelagic  animals  and  plants  in  the  sea  for  a  long  time,  knows  how  unlike 
their  appearance  is  on  different  days  in  the  same  period  of  the  year  or 
in  the  same  month,  when  one  may  daily  hope  to  find  them.  As  a  rule, 
the  weather,  and  particularly  the  wind,  conditions  the  remarkable 
difference  of  appearance.  In  long-continuing  calms  the  siu-face  of  the 
sea  becomes  covered  with  swarms  of  various  pelagic  creatures.  In 
long  bands,  smooth  as  oil,  the  most  wonderful  zoocurrents  appear. 
But  as  soon  as  a  fi:'esh  wind  stirs  up  lively  waves,  the  majority  sink 
into  the  quiet  depths,  and  if  a  more  violent  storm  churns  up  the  deeper 
layers,  all  life  vanishes  from  the  surface  for  days.  Many  animals  of 
the  plankton  (especially  oceanic)  are  very  susceptible  to  the  influence 
of  fresh  water,  and  therefore  disappear  during  violent  rains.  Warm 
sunshine  entices  the  one  to  the  surface,  while  it  drives  the  other  into 
the  depths.  This  influence  of  the  weather  upon  the  quah  ty  and  quantity 
of  the  planktonic  composition  is  so  well  known  that  it  is  not  necessary 
to  give  examples.  Henseu  (9)  has  even  gone  over  his  work  many  times, 
without  thinking  how  the  above  endangers  his  "exact  methods"  and 
made  their  results  illusionary. 


*  Drymonema  cord^liaf  whoso  milk-whito  umbrella  reaches  half  a  meter  Id  diameter, 
I  will  desoribe  hereafter.  It  differs  in  the  formation  of  the  gonads  and  oval  tenta- 
cles, as  in  several  other  points,  from  the  Adriatic  species,  which  I  have  described  as 
JJrjpnanema  victoria  (=dalmaiinum)  (ii,  29). 

t  Of  the  DisconectcB  (Porpita  and  Velelld)  Chun  duriug  a  7  months' residence  at 
the  Canary  Islands  (1887-^)  could  find  not  a  single  specimen.  According  to  him 
they  should  appear  first  in  midsummer  (July  to  September).  On  the  other  liand 
I  saw  at  Lanzarote  an  isolated  swarm  of  these  DisconectcB  in  midwinter,  in  Feb- 
ruary; 1867. 
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Hourly  oscillations, — ^Many  pelagic  animals  appear  at  the  surface 
of  the  sea  only  at  a  definite  hour  of  the  day,  some  in  the  morning, 
others  at  noon,  still  others  towards  evening.  During  the  remainder 
of  the  day  not  a  single  individual  of  the  species  is  to  be  found. 
Agassiz,  thirty  years  ago,  brought  forward  noticeable  examples  of 
this  from  the  class  of  Medusw^  and  I  can  from  my  own  exx)erience  adduce 
a  number  of  other  examples.  But  many  other  pelagic  animals  also 
(6.  g,j  Siphonophores,  Heteropods)  come  to  the  surface  only  for  a  few  hours. 
We  have  long  known  that  the  swarms  of  the  nyctipelagic  Pteropods, 
Pyrosoma  and  many  Crustacea,  come  to  the  surface  only  during  the  night 
and  flee  the  light  of  day.  Other  groups  act  just  reversely.  But  the 
late  extensive  observations,  especially  of  Murray  (6),  Chierchia  (8), 
and  Chun  (15)  have  taught  us  how  great  is  the  extent  and  imi>ortance 
of  those  hourly  variations.  That  these  are  of  great  influence  upon 
the  composition  of  the  plankton,  and  that  this  accordingly  is  very 
different  at  different  times  of  day,  needs  no  repetition.  But  we  must 
allude  once  more  to  how  all  these  temporal  oscillations  must  be  taken 
into  consideration,  if  the  equality  of  planMon  distribution  is  to  be 
proved  by  observation  and  estimation.  In  point  of  fact  they  all  seem 
to  tend  to  very  remarkable  inequality. 

C. — Climatic  Plankton  Differences. 

The  numerous  contributions  which  earlier  and  later  observers  have 
made  upon  the  appearance  of  the  swarms  of  the  pelagic  animals  in 
different  regions  of  the  ocean,  agree  in  pointing  out  the  differences 
among  them,  corresponding  to  the  climatic  zones.  Thus  the  wAjctic 
oceans  are  characterized  by  masses  of  mouotonic  plankton  of  IHaiow^ 
Beroidw,  Copepod,  and  Pteropod  groups,  swarms  which  are  often  com- 
posed of  milliards  of  single  species.  In  the  oceanic  regions  of  the 
temperate  zone  we  meet  raonotonic  plankton  of  the  Fuooid^  IfoctUuca, 
Medusa,  Ctenophore,  Salpa,  Schizopod,  etc.,  classes,  sometimes  com- 
posed of  one,  sometimes  of  several  species.  In  the  tropical  ocean  im- 
mense banks  of  monotonic  plankton  appear,  in  which  the  MurracyteSj 
Oscillatorice,  Physalia,  Pyrosoma,  Ostracoda,  determine  the  character  of 
the  swimming  oceanic  pox)ulation.  Although  these  facts  have  long 
been  known,  up  to  this  time  no  attempt  has  been  made  to  arrange 
them  chorologically  or  to  define  more  closely  the  characteristic  features 
of  the  plankton  in  the  climatic  zones.  Yet  I  believe,  partly  upon  the 
ground  of  the  accounts  referred  to  above  (particularly  of  the  Challenger 
and  of  the  Vettor  Pisani),  partly  on  the  ground  of  my  own  comparative 
investigations  (of  the  Challenger  as  well  as  of  the  Babbe  collections), 
that  even  now  an  important  proposition  can  be  formulated. 

The  quantity  of  the  plankton  is  little  dependent  upon  the  climatic  differ- 
ences of  the  zones,  the  quality  very  dependent;  especially  in  this  icay,  thai 
the  number  of  component  species  diminishes  from  the  equator  toicards 
both  poles.  This  proposition  corresponds,  on  the  whole,  with  the  con- 
ditions which  the  climatic  difiiete^we^^  ^oi^  \Ti  t\ie  terrestrial  fauna  and 
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flora.  Here  as  there  the  explanation  of  the  faets  is  above  all  to  be 
soaght  in  the  influence  of  the  sun,  that  "  all-powerful  creator,"  which 
in  the  tropical  zone  conditions  a  much  more  lively  interaction  of  the 
natural  forces  than  in  the  polar  zones.  The  ^' cycle  of  matter  in  the 
sea^  {Stoffwechsel  des  Meeres)  is  no  less  influenced  by  the  perpendicular 
rays  of  the  sun  than  is  the  terrestrial  fauna  and  flora;  and  as  in  the 
tropics  the  quantity  and  the  complexity  of  the  terrestrial  organic  living 
forms  is  by  far  most  highly  developed,  so  is  it  also  the  case  with  the 
marine  forms. 

Hensen  places  himself  in  remarkable  opposition  to  this  hitherto 
accepted  view  when  in  his  account  of  the  results  of  the  National  expe- 
dition he  surprises  us  with  the  following  statement: 

Althoagh  wo  have  fonnil  plankton  everywhere,  the  amount  of  it  under  and  near 
the  tropics  was  relatively  small,  namely  on  an  average  8  times  less  than  in  the 
north  near  the  Banks  of  Newfoundland.  Each  one  of  these  haols  contained 
upwards  of  a  hundred  diifereut  forms;  hut  the  poverty  of  the  quantity  is  still  a 
remarkahly  apparent  estahlished  fact  (22,  p.  245). 

In  the  notable  account  which  E.  du  Bois-Eeymond  (on  January  23, 
1890)  laid  before  the  Berlin  Academy  upon  the  results  of  the  National 
expedition,  it  was  said  concerning  its  scientific  results  that  a  complete 
account  could  not  be  given  for  three  years,  but  then  he  added : 

Only  one  chief  result  may  here  he  assumed  beforehand.  Contrarj'  to  all  expecta- 
tions, established  upon  a  theoretical  basis,  the  (]^uantity  of  plankton  in  the  tropical 
waters  is  shown  to  be  surprisingly  small  (21,  p.  87). 

Since  Hensen  with  this  "chief  result"  of  t\ie^  National  expedition 
stands  in  strong  opposition  to  the  familiar  experience  of  the  GhaUenger, 
of  the  Vettor  Pisaniy  and  of  many  other  expeditions,  we  must  first  of 
all  again  examine  the  empirical  foundations  upon  which  his  assertions 
rest.  For  these  he  admits  that  he  regards  as  such  only  the  results  of 
his  ^Hrial  trip^  through  a  part  of  the  Atlantic  ocean,  in  which  the  resi- 
dence in  the  tropics  embraced  scarcely  ttco  months.  The  results  which 
he  here  draws  from  his  plankton  fisheries,  which  obviously  turned  out 
remarkably  poorly  as  a  result  of  accidental  conditions,  may  contradict 
the  results  which  were  set  up  by  the  Challenger  and  the  Vettor  Pisani 
during  a  residence  in  the  tropics  of  altogether  four  years,  in  different 
parts  of  three  great  oceans.  It  is  not  indeed  saying  too  much,  if  we 
declare  this  kind  of  conclusion  by  Hensen  as  hasty,  and  the  "  exact 
method"  which  he  wishes  to  establish  by  computation  as  useless. 

My  own  comparative  study  of  the  rich  planktonic  collections  which 
Murray  and  Rabbe  have  brought  in  from  the  different  parts  of  the  three 
great  oceans,  has  convinced  me  that  the  tropical  ocean  is  not  only  qual- 
itatively much  richer  (by  the  variety  and  number  of  planktonic  spe- 
cies and  genera)  than  the  oceans  of  the  temperate  and  cold  zones,  but 
that  it  also  does  not  fall  behind  the  latter  quantitatively  (in  the  abun- 
dant distribution  and  vast  accumulations  of  individuals).  To  be  sure, 
one  ought  not  to  take  into  consideration  merely  the  surface  of  the  trop- 
ical ocean  (although  this  also  is  often  extremely  densely  populated)^  but 
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also  the  deeper  zouary  regions.  For  in  the  tropical  zone  there  are 
numerous  nyctipelagic  organisms,  which  by  day  shun  the  glow  of  the 
perpendicular  rays  of  the  sun  and  betake  themselves  into  the  cooler, 
more  or  less  deep  layers  of  water;  but  at  night  these  bathypelagic  ani- 
mals and  plants  apx>ear  at  the  surface  in  such  immense  crowds  that 
they  are  not  surpassed  in  quantity  by  the  ^immeasurable  swarms"  of 
pelagic  organisms  in  the  temperate  and  cold  zones. 

During  my  trip  through  the  tropical  region  of  the  Indian  Ocean,  as 
well  on  the  way  to  Ceylon  (from  Bombay)  as  on  the  return  (from  Soco- 
tora),  I  daily  wondered  at  the  great  richness  of  pelagic  life  on  the  mir- 
rored surface.  At  night  the  <^  whole  ocean,  as  far  as  the  eye  could  see, 
was  a  continuous  shimmering  sea  of  light"  (25,  p.  52).  The  luminous 
water,  which  at  night  we  scooped  up  directly  from  the  surface  with 
buckets,  showed  a  confused  mass  of  nyctipelagic  luminous  animals  {Os- 
trizcodsj  Salpay  Pyrosoma,  Medusce^  PyrocysUe)^  so  closely  packed  that 
in  a  dark  night  we  could  plainly  read  the  print  in  a  book  by  the  bright- 
ness of  their  pelagic  light.  The  crowded  mass  of  individuals  was  not  less 
considerable  than  I  have  so  often  found  in  the  Mediterranean  in  the 
currents  of  Messina.  What  quantities  of  food  the  plankton  must  here 
furnish  to  the  larger  animals  was  shown  by  the  vast  schools  of  great 
medusae  and  flying-fish,  which  for  days  accompanied  our  vessel;  and 
this  mass  covered  large  areas  of  the  open  Indian  Ocean,  midway 
between  Aden  and  Ceylon.  Just  such  plankton  masses  I  have  received 
through  the  kindness  of  Capt.  Kabbe  from  other  tropical  i)arts  of  the 
Indian  Ocean,  between  Madagascar  and  the  Cocos  Islands,  and  be- 
tween these  and  the  Sunda  Archipelago.  I  encountered  a  wonderfully 
rich  and  thick  planktonic  mass  in  a  pelagic  current  of  the  southwest 
monsoon  drift,  50  nautical  miles  south  of  Dondra  Head,  the  southern 
point  of  Ceylon.*  I  have  referred  to  the  richness  of  this  in  my  "  Indian 
Journal''  (25,  p.  275). 

That  the  tropical  zone  of  the  Atlantic  Ocean  also  possesses  a  vast 
wealth  of  plankton  is  shown  by  many  older  accounts,  but  especially 
from  the  experience  of  the  Challenger.  In  the  middle  of  the  Atlantic, 
between  Cape  Verde  and  Brazil,  Murray  observed  colossal  masses  of 
pelagic  animals;  and  if  by  day  they  were  scarce  at  the  surface,  he  con- 
tinually found  them  below  the  surface,  in  depths  of  50  to  100  fathoms 
and  more  (6,  pp.  195,  218, 276,  etc.) ;  at  night  they  ascended  to  the  sur- 
face and  filled  the  sea  far  and  wide  with  a  brilliant  glow  (pp.  170, 195, 
etc.).  "  On  the  whole  cruise  along  the  Guinea  and  equatorial  currentSy  the 
pelagic  life  was  exceedingly  rich  and  varied,  in  the  quantities  of  individ- 
uals as  well  as  of  species,  7nuch  more  than  anywhere  else  in  the  northern 
or  southern  part  of  the  Atlantic  Ocean.  The  greatest  quantities  were 
seen  in  the  Guinea  current  during  calms,  when  ths  sea  literally  swarmed 

*A  part  of  the  new  species  of  pelagic  animals  which  I  found  in  this  astonishingly 
rich  oceanic  current  are  described  in  my  *'  Reports  on  the  Siphonophora  and  Badio- 
laria  ofH.  M.  B.  Challenger  J' 
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with  life^  (p.  218).  This  astonishing  wealth  of  plankton' was  observed 
in  the  whole  breadth  of  the  Atlantic  tropical  zone  in  August  and  Sep- 
tember, 1873;  but  it  was  not  less  than  that  passed  by  the  Ohallenger 
on  her  return  in  March  and  April,  1876,  in  the  eastern  part  of  the  same 
region,  between  Tristan  d^Acunha  and  Gape  Verde.  "When  the  water 
was  csdm,  an  extraordinary  superabundance  of  pelagic  life  appeared  at 
the  surface.  Osoillatorias  covered  the  sea  for  miles,  and  vast  quantities 
of  Badiolaria  (Oollozoun)  filled  the  nets"  (p.  930).  With  those  and 
other  accounts  by  the  Ohallenger^  those  of  the  Vettor  PUani  quite  agree. 
^^  The  zone  of  equatorial  cahns  is  out  of  all  proportion  rich  in  or  game  life. 
Sometimes  the  water  seems  coagulated,  jelly-like,  even  to  the  touch. 
It  is  impossible  to  describe  the  quantities  of  variously  colored  forms" 
(8,  p.  31).  Ohierchia  enthusiastically  describes  the  wonderful  spectacle 
which  the  luminous  ocean  furnishes  at  night — "a  sea  of  light  which  ex- 
tends to  the  whole  horizon"  (pp.  32,  53,  etc.).  The  numerous  plankton 
samples  which  I  myself  have  investigated  from  the  Atlantic  tropical 
zone  show  for  the  most  part  an  extraordinarily  rich  composition,  par- 
ticularly those  between  Ascension  and  the  Canary  Islands  {Challenger 
stations  345  to  353),  above  all  the  two  equatorial  stations  347  and  348, 
which,  like  the  Canary  currents^  which  I  studied  for  three  months  at 
Lanzarote,  whose  fabulous  wealth  I  have  already  mentioned,  also  belong 
to  the  region  of  the  tropical  trades-drifb. 

The  quantity  and  wealth  of  forms  of  the  plankton  in  the  tropical 
zone  of  the  Pacific  Ocean  is  not  less  than  in  the  tropical  region  of  the 
Atlantic  and  Indian  oceans.  In  the  most  diverse  parts  of  this  region 
the  Challenger  sailed  through  "thick  banks  of  pelagic  animals." 
Between  the  l^ew  Hebrides  and  l^'ew  Guinea  "the  surface  of  the  water 
and  its  deeper  levels  swarmed  with  life.  All  the  common  tropical 
forms  were  found  in  great  abundance.  The  list  of  genera  of  animals 
was  about  the  same  as  in  the  Atlantic  tropical  region  (pp.218, 219),  but 
it  showed  coTMiderdble  difference  in  the  relative  abundance  of  species'* 
(6,  p.  521).  Among  the  Philippines  the  water  showed  "a  quite  uncom- 
mon quantity  and  variety  of  oceanic  surface  animals"  (p.  662).  On 
the  voyage  from  the  Admiralty  Islands  to  Japan  the  oceanic  "fauna 
and  flora  of  the  sur£a.ce  was  everywhere  especially  rich  and  varied. 
In  the  neighborhood  of  the  equatorial  countercurrents,  between  the 
equator  and  the  Garolines,  pelagic  foraminifera  and  moUusks  were 
taken  in  such  quantities  in  the  surface  net  that  they  surpassed  all 
earlier  observations,"  etc.  (p.  738).  On  the  voyage  through  the^  central 
part  of  the  tropical  Pacific,  from  Honolulu  to  Tahiti,  between  20^  N. 
lat.,  and  20^  S.  lat.,  "  the  catch  of  the  tow  net  was  everywhere  very 
rich.  The  superabundance  of  organic  life  in  the  equatorial  current  and 
oounterourrent  is  very  noticeable^  as  well  with  reference  to  the  number  of 
species  as  of  individuals^  (p.  776).  Prom  this  wonderfully  rich  region, 
which  of  all  parts  of  the  tropical  ocean  is  farthest  removed  from  all 
continents^  came  the  absolutely  richest  plankton  samples  which  I  have 
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ever  studied,  those  which  the  Challenger  brought  from  her  stations 
262-280.  My  astonishment  was  great  when  I  first  saw  these  planktonic 
masses,  in  the  autumn  of  1876;  but  it  grew  boundless  when  a  year 
later  I  studied  preparations  taken  from  them  and  found  in  them  hun- 
dreds of  new  species  of  pelagic  animals. 

The  wonderfully  rich  Rddiolaria  ooze  which  the  Challenger  brought 
up  at  the  central  Pacific  stations  263-274  (from  depths  of  2,000  to  3,000 
fathoms)  is  only  the  siliceous  remains  of  that  planktonic  mass,  from  which 
all  organic  constituents  have  vanished  and  the  calcareous  shells  for  the 
most  part  dissolved  by  the  carbonic  acid  of  the  deep  currents,*  The 
numerous  surface  preparations  which  Murray  finished  upon  the  spot 
on  this  remarkable  voyage  of  planktonic  discovery  through  the  central 
Pacific,  and  mounted  in  Canada  balsam,  are  absolutely  the  richest  plank- 
Urn  preparations  which  I  have  ever  studied,  especially  those  of  stations 
266-274,  between  lio  IN",  lat.  and  7^  S.  lat.  The  richest  of  all  stations 
is  271,  lying  almost  under  the  equator  (0°  33'  S.  lat,  152o  56'  W.  long.). 
I  have  since  shown  these  preparations  for  microscopical  studies  to  many 
colleagues  and  friends,  and  they  have  always  expressed  the  liveliest 
astonishment  over  the  new  '*  wonder- world  "  concealed  in  them.  They 
are  jokingly  called  the  "mira-preparations"  (comp.  4,  §§228-236). 

The  wonderful  plankton  wealth  of  the  tropical  Pacific  is  as  well 
established  by  the  manifold  observations  of  Chierchia:  **T^  quantity 
and  quality  of  the  organisms  which  inhabit  the  tropical  regions  of  the  sea 
surpass  all  conceptions^  (8,  p.  75).  Inconceivable  quantities  of  pelagic 
animals  of  all  groups  were  seen  in  the  middle  of  the  tropical  Pacific, 
between  Oallao  and  Hawaii,  between  Honolulu  and  Hongkong,  not 
only  at  the  surface,  but  in  the  most  various  depths  up  to  4,000  meters. 
The  quantity  of  deep-sea  siphonophores  was  here  so  enormous  that  the 
sounding  lead  was  never  drawn  up  without  its  being  surrounded  with 
torn-off  tentacles  (p.  85).  During  the  forty  days'  voyage  from  Peru  to 
Hawaii  the  pelagic  fishery  at  the  surface  as  well  as  in  the  depths 
brought  to  light  '^  such  a  quantity  of  different  organisms  that  it  must 
seem  almost  impossible  to  one  who  did  not  follow  the  work  with  his  own 
eyes''  (8,  p.  SS),  Similarly,  in  the  Chinese  sea  and  in  the  Sunda  Archi- 
pelago immense  masses  of  plankton  were  encountered. 

It  is  my  intention  here  to  bring  together  the  most  general  impres- 
sions of  the  relative  planktonic  wealth  of  the  various  oceanic  regions, 
which  I  have  gained  from  a  comparative  study  of  many  thousand 
planktonic  preparations.  The  pelagic  fauna  and  flora  of  the  tropical 
zone  is  richer  in  different  forms  of  life  than  that  of  the  temperate  zone, 
and  this  again  is  richer  than  that  of  the  cold  zone  of  the  ocean.  This 
is  true  of  the  oceanic  as  well  as  of  the  neritic  plankton.  Everywhere 
the  neritic  plankton  is  more  varied  than  the  oceanic.    The  wealth  of 

*0f  this  Jiadiolaria  oozo  there  are  16  samples  (embracing  aboat  1,000  different 
species)  contained  in  the  '^  Radiolarian  collection  "  (1890)  above  mentione<l.  The 8 
rioheat  of  these  (Nob.  20-27)  belong  to  the  iropioal  central  Paoijic  (stationB  265-274). 
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mdiyidnals  can  in  none  of  these  regions  be  called  absolutely  greater 
than  in  the  others,  since  the  quantitative  development  is  very  depen- 
dent apou  local  and  temporal  conditions  and,  according  to  time  and 
place,  is  on  the  whole  extremely  irregular.  Estimation  of  individuals 
can  in  this  relation  prove  nothing. 

D. — CURRENTIC   PLANKTONIC  DiFFERKNCES. 

By  far  the  most  important  of  all  the  causes  which  determine  the 
changing  and  irregular  distribution  of  the  plankton  in  the  sea  are  the 
marine  currents.  The  fundamental  imjiortance  of  these  currents  for  all 
planktonic  studies  is  generally  recognized  and  has  lately  been  men- 
tioned many  times  and  explained  by  Murray  (6)  and  Chierchia  (8).  Even 
the  zoologists  of  the  plankton  expedition  of  Kiel  have  not  been  able  to 
close  themselves  to  this  intelligence.  Brandt  calls  special  attention 
to  "the  importance  of  the  marine  currents  as  a  means  of,  and  limit  to, 
the  distribution  of  the  planktonic  organisms,"  so  that  in  the  various 
Atlantic  currents  numerous  forms  continually  appear  which  were  want- 
ing in  the  regions  previously  traveled"  (23,  p.  518).  Thus,  Hensen 
mentions  the  "extraordinarily  large  plankton  catches,  which  were 
transported  by  various  currents." 

I  learned  thirty  years  ago  to  recognize  the  great  importance  of  the 
marine  currents  and  their  direct  influence  upon  the  composition  of  the 
plankton,  when  at  Messina  I  went  out  almost  daily  in  the  boat  for 
six  months  to  secure  the  rich  pelagic  treasures  of  the  strait  (3,  p.  172). 
The  periodical  strong  marine  current,  which  there  is  known  to  the 
Messinese  under  the  name  of  the  current  or  the  Reinay  enters  the  harbor 
twice  daily  and  brings  to  it  inexhaustible  treasures  of  pelagic  animals 
which  since  the  time  of  Johannes  Miiller  have  aroused  the  wonder 
and  desire  for  investigation  of  all  naturalists  tarrying  there.  Not 
less  important  did  I  find  later  the  planktonic  importance  of  the  local 
marine  currents  (at  Lanzarote),  when  the  "Zain"  current  of  the  Canary 
Sea  in  like  manner  brought  with  it  an  extraordinary  wealth  of  pelagic 
animals.  My  companion  on  the  trip,  Kichard  Greeff,  has  very  vividly 
described  these  marine  currents  as  **  animal  roads '^  (18,  p.  307).  Dur- 
ing my  numerous  pelagic  journeys  on  the  Mediterranean  it  was  always 
my  first  care  to  investigate  the  conditions  of  the  currents,  and  on  the 
most  diflferent  parts  of  its  coast  (from  Gibraltar  to  the  Bosporus,  from 
Corfu  to  Rhodes,  from  Nizza  to  Tunis,  I  have  always  been  convinced 
of  the  determining  influence  which  they  exerted  upon  the  composition 
and  distribution  of  the  i>lankton. 

Although  the  fundamental  importance  of  the  marine  currents  for  the 
diverse  questions  of  oceanography  are  now  generally  recognized,  still 
very  little  has  been  done  to  follow  out  in  detail  their  significance  for 
planktology.  It  seems  to  me,  we  must  here,  with  reference  to  our  theme, 
particularly  distinguish  {1)  halicurrents  (the  great  oceanic  currents) ; 
(2)  the  bathycurrents  (the  manifold  deep  currents  or  undercurrents) ; 
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(3)  tbe  neroeurrents  (the  littoral  currents  or  local  coast  currents);  and 

(4)  the  zoocurrents  (the  local  planktonic  streams  or  very  crowded  animal 
roads). 

HaUcurrents  or  ocean  streams, — The  unequal  distribution  of  plank- 
ton in  the  ocean  is  in  great  part  the  direct  result  of  tbe  oceanic 
currents.  In  general  the  proposition  is  recognized  as  true  that  the 
great  ocean  streams,  which  we  briefly  designate  as  halicurrentSj  effect 
a  greater  accumulation  of  swimming  organisms  and  thereby  are 
richer  in  plankton  than  the  halistasa  or  ^^  still  streams,"  the  extensive 
regions  which  are  inclosed  by  them  and  relatively  free  from  coirents. 
For  a  long  time  the  richness  in  plankton  which  cliaracterizes  the  Gulf 
Stream  on  the  east  coast  of  Korth  America,  the  Falkland  Stream  on 
the  east  coast  of  South  America,  and  the  Guinea  Stream  on  the  west 
coast  of  Central  Africa,  has  been  known.  Less  understood  and  investi- 
gated than  these  Atlantic  streams,  but  also  very  rich  in  varied  plankton, 
are  the  great  streams  of  the  Indian  and  Pacific  oceans,  the  Monsoon 
Stream  on  the  south  coast  of  Asia,  the  Mozambique  Stream  on  the  east 
coast  of  South  Africa,  the  Black  Stream  of  Japan,  the  Peru  Stream  on 
the  west  coast  of  South  America,  etc. 

It  is  very  dif&cult,  from  the  numerous  scattered  accounts  of  the 
pelagic  fauna  and  flora  of  these  great  oceiiu  currents,  to  form  a  general 
picture  of  them,  but  it  is  now  possible  to  draw  from  them  the  conclu- 
sion that  generally  the  plankton  of  the  halicurrentSj  qualitatively  as 
well  as  quantitatively,  is  richer  than  the  plankton  of  the  haltstoMi^j  or 
the  great  oceanic  sea  basins  around  which  flow  the  great  streams  and 
counter  streams,  and  which  meet  the  first  glance  on  every  recent  maip 
of  the  marine  currents.  • 

In  defending  this  proposition  I  rely  esx>ecially  upon  the  rich  experi- 
ence of  the  two  most  important  plankton  expeditions,  of  the  Challenger 
(6)  and  of  the  Vettor  Pisani  (8),  and  also  upon  my  own  comparative 
study  of  several  hundred  plankton  samples,  which  were  collected  in 
part  by  Murray,  in  part  by  Gapt.  Eabbe,  in  the  most  diverse  parts  of 
three  great  oceans.  The  planktonic  wealth  of  the  great  halicurrents  is 
most  remarkable  at  the  place  where  they  are  narrowest,  when  the 
masses  of  swimming  animals  and  plants  are  most  closely  pressed 
together.  Highly  remarkable  here  is  the  opposition  which  the  rich 
X)elagic  fauna  and  flora  of  the  stream  forms  in  qualitative  and  quanti- 
tative relation  to  the  sparse  population  of  the  immediately  adjacent 
halistase.    As  the  temperature  and  often  even  the  color  of  the  sea 

*  The  Bystematic  biological  inveHtigation  of  the  halistasa  seems  to  me  to  form  one 
of  the  nearest  and  most  pressing  problems  of  planktology,  and  also  of  oceanography. 
Apart  from  the  smaller  and  little  investigated  Arotio  and  Antarctic  regions,  in  aU 
five  great  areas  of  qniet  water  ought  to  be  distinguished,  namely:  (1)  the  North 
Atlantic  halUiiiae  (with  the  Sargasso  Sea) ;  (2)  the  South  Atlantic  (between  BengneU 
and  Brazil  streams) ;  (3)  the  Indian  (between  Madagascar  and  Australia) ;  (4)  the 
North  Pacific  (between  California  and  China);  and  (5)  the  South  Pacific  haliitOM 
(between  Chili  and  Tahiti). 
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water  in  two  adjacent  regions  is  remarkably  different  and  often  sbarply 
contrasted,  so  also  is  the  constitution  of  their  animal  and  vegetable 
world.  Thus  Murray  observed  a  strong  contrast  between  the  cool  green 
coast  streams  and  the  warmer  deep-blue  ocean  water  when  the  Challen- 
ger neared  the  coast  of  Chili,  between  Juan  Fernandez  and  Valparaiso, 
and  correspondingly  there  occurred  a  sudden  change  of  pelagic  fauna, 
for  the  oceanic  globigerina  disappeared  and  the  neritic  diatoms,  infu- 
soria, and  hydromedusie  appeared  in  greater  abundance  (6,  p.  833). 

This  change  was  very  remarkable  when  the  Challenger  (at  station 
240,  June  21, 1875)  left;  the  warm  "black  stream  "of  Japan  and  entered 
the  cold  area  of  quiet  water  adjacent  on  the  south  (about  35^  N.  lat., 
1530  E.  long.).  Great  polymixic  masses  of  plankton,  dwellers  in  the 
first  area,  were  here  killed  by  the  sudden  change  of  teniijerature  and 
replaced  by  the  moiiotonic  copepodau  fauna  of  the  cold  halistase  (16,  p. 
758).  Also,  lat^^r,  on  the  voyage  through  the  Japan  stream,  the  plank- 
tonic  contents  of  the  tow  net  plainly  showed  the  proximity  of  two  dif- 
ferent currents.  "In  the  cold  streams  there  appeared  a  greater  mass 
of  small  diatoms,  noctiluca,  and  hydromedusae  than  in  the  warmer 
streams  where  the  richer  pelagic  animal  world  {Radiolaria^  Olohigerina) 
remained  the  same  which  the  Challenger  observed  from  the  Admiralty 
Islands  to  Japan."  Many  similar  cases  occurred  during  the  voyage, 
when  proximity  to  the  coast  or  the  presence  of  coast  currents  was  indi- 
cated by  the  contents  of  the  tow  net  (6,  p.  760). 

Observations  upon  the  plankton  richness  of  the  oceanic  currents, 
similar  to  those  of  Wyville  Thompson  and  Murray  on  the  Challenger 
(6)  were  made  by  Palumbo  and  Chierchia  on  the  Vettor  Pisani.  The 
latter  calls  attention  especially  to  the  great  importance  of  these  and  the 
great  accumulation  of  pelagic  animals  in  limited  regions  of  currents. 

It  is  a  fact,  that  generally  on  a  voyage  through  the  ocean  great  quantities  of  indi- 
viduals of  one  species  are  found  pressed  together  in  relatively  small  spaces,  and  this  is 
trae  of  organisms  whlch^  on  account  of  their  small  size,  are  not  capable  of  extensive 
movements.  In  addition,  it  is  also  a  fact  that  when  the  ship  is  in  the  midst  of  the 
great  oceanic  currents,  the  pelagic  fishery  gives  the  mobt  brilliant  results  (8,  p.  109). 
It  is  quite  certain  that  the  investigation  of  the  distribution  of  the  pelagic  organisms  can  n9i 
progress  unless  accompanied  by  a  parallel  study  of  the  currents,  the  temperature,  and  the 
density  of  the  water  (8,  pp.  109, 110). 

Even  the  participators  in  the  National  exx)edition  of  Kiel  could  not 
avoid  noticing  the  great  irregularity  of  planktonic  distribution  in  the 
ocean  and  the  importance  of  the  oceanic  currents  in  this  respect. 
During  the  voyage  it  was  noticed  that  in  different  Atlantic  currents 
numerous  forms  appeared  continually  which  were  absent  in  the  regions 
previously  traversed: 

The  conditions  are  much  more  complicated  ( !)  than  we  had  hitherto  supposed  (23, 
p.  518). 

But  it  is  worthy  of  notice  how  Hensen,  the  leader  of  this  plankton 
expedition,  has  noticed  this  abundant  accumulation  of  pelagic  organ- 
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isms  in  single  regions  of  currents^  and  has  twisted  it  in  favor  of  his 
theory  of  the  regular  distribution  of  the  plankton: 

The  tests  of  the  volamo  of  the  plankton  show  that,  five  times  in  the  north,  onoe 
north  of  Ascension,  extraordinarily  larye  catches  ( ! )  were  made.  These  must  have  heen 
caused  by  various  currents  in  this  region,  and  can  therefore  be  left  out  of  consider- 
ation (9,  p.  249). 

It  seems  to  me  that  Hensen  would  have  done  better  to  take  into 
consideration  these  and  other  facts  observed  by  him  relative  to  the 
anequal  plankton  distribution  before  he  built  up  his  fundamental, 
certainly  adequate^  theory  of  the  equality  of  the  same.  This  was  to  be 
expected,  since  he  himself  in  his  first  oceanic  plankton  studies  (1887) 
observed  m^uy  '^remarlcahle  inequalities,'^^  £ijiA  his  own  tables  furnish 
proof  of  this.  While  he  many  times  mentions  the  immense  swarms  of 
Medusce  and  declares  this  ^^  quite  superabundant  accumulation  to  be 
mysterious/'  he  adds:  "such  places  must  be  avoided  in  this  fishery^'  (9, 
pp.  27,  65).  When  Hensen  later,  in  comparing  the  different  catches  of 
copepods  (one  of  the  most  important  planktonic  constituents),  finds 
that  the  distribution  of  the  plankton  in  the  ocean  is  very  irregular 
and  that  the  constitution  of  this  seems  to  very  strongly  contradict 
his  general  conceptions  of  natural  life  (9,  p.  52),  he  holds  it  to  be  best 
that  these  catches,  which  are  of  "such  a  different  kind,  should  be 
excluded  firom  consideration"  (pp.  61,  53).  Also,  in  the  case  of  SagittOj 
which  Hensen  reckons  with  the  copepods  as  belonging  to  the  uniform 
perennial  plankton,  he  finds  "throughout  not  the  equality  which  one 
might  expect,  but  much  more  remarkable  variations"  (p.  59). 

These  "surprising  inequalities,"  "variations  even  to  tenfold,"  he  finds 
in  case  of  the  Daphnidce  (pj).  54,  56)  and  Hyperidce  (p.  57),  the  pelagic 
larvae  of  snails  and  mussels  (pp.  57,  58),  Appendicularia  and  Salpa 
(pp.  63,  64),  the  Medusos  and  Ctenophores  (64,  65),  the  Tintinnoids  (p. 
68),  the  Peridinim  (p.  71),  and  even  in  the  Diatoms  (p.  82) — ^in  brief, 
in  all  groups  of  pelagic  organisms  which  by  the  numerous  production 
of  individuals  are  of  importance  for  the  plankton  and  upon  which 
Hensen  employs  bis  painstaking  method  of  calculation  by  quantitative 
planktonic  analysis.  If  one  freely  "sets  apart  from  consideration" 
all  these  cases  of  remarkable  inequality  (because  they  do  not  fall  in 
with  the  theoretically  preconceived  ideas  of  the  equality  of  planktonic 
composition),  then  finally  the  latter  must  be  proved  by  counting. 

Bathycurrenta  or  deep  streams. — ^Through  recent  investigations,  par- 
ticularly of  Englishmen  (Carpenter,  Wyville  Thompson,  John  Murray, 
et  aL),  we  have  become  acquainted  with  the  great  importance  of  the 
submarine  currents  or  deep  streams.  It  has  been  demonstrated  that 
the  epicurrentSy  or  the  surface  streams,  furnish  us  no  evidence  rela- 
tive to  the  understreams  to  be  found  below  them,  which  we  name  bathy- 
currents.  These  undercurrents  may  in  different  depths  of  the  ocean 
have  a  quite  different  constitution,  direction,  and  force  from  the  over- 
currents.  This  is  as  true  of  the  great  oceanic  as  of  the  local  coast  cur- 
rents.   If  the  more  accurate  study  of  marine  currents  is  a  very  diiSBcalt 
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sabject  and  great  hindrances  lie,  as  tbey  do,  in  the  way  of  exact  deter- 
minations, the  same  applies  especially  to  the  deep  currents.  New  ways 
and  means  mnst  first  be  foand  for  pressing  into  the  dark  labyrinth  of 
very  complicated  physical  transactions.  Now  we  can  only  say  that 
the  bathycurrents  are  of  great  importance  for  the  irregular  constituiion 
and  distribution  of  the  plankton.  Since  the  time  when,  through  the 
discoveries  of  Murray  (1875),  Chierchia  (1885),  and  Chun  (1887),  we 
learned  to  recognize  the  existence  and  importance  of  the  zonary  and 
bathybic  fauna,  and  particularly,  through  Chun,  the  vertical  migration 
of  the  bathypelagic  animals,  tlie  complicated  conditions  of  the  sub- 
marine currents  must  evidently  have  exerted  an  extraordinary  signifi- 
cance for  planktology.  Although  we  have  hitherto  known  so  little 
about  this  subject,  yet  two  points  stand  out  clearly :  First,  that  these 
are  of  great  influence  upon  the  local  and  temporal  oscillations  of  plank- 
tonic  composition;  second,  that  it  is  an  untenable  illusion  if  Hensen 
and  Brandt  believe  that,  by  means  of  their  perfect- working  vertical 
plankton  net,  ^<  a  column  of  water  whose  height  and  base  area  can  be 
accurately  determined  has  been  completely  filtered''  (23,  p.  515);  for 
one  can  never  certainly  know  what  considerable  changes  in  the  plank- 
ton of  this  column  of  water  one  or  more  undercurrents  have  caused 
during  the  drawing  up  of  the  vertical  net. 

UTeroourrents  or  coast  streanns, — While  the  halicurrents  or  the  great 
ocean  streams  are  influenced  in  the  first  place  by  the  winds  and  stand 
in  immediate  connection  with  the  air  currents  of  our  atmosphere,  it  is 
only  partly  the  case  with  the  local  coast  currents,  for  here  a  number  of 
local  causes,  which  are  to  be  sought  in  the  climatic  and  geographical 
condition  of  the  neighboring  coast,  work  together.  In  the  case  of  coasts 
which  are  much  indented,  in  archipelagos  with  numerous  islands,  etc., 
the  study  of  the  littoral  currents  becomes  a  very  complicated  problem. 
The  physical  and  geological  natural  condition  of  the  coast  mountains 
and  of  the  beach,  the  number  and  force  of  the  incoming  rivers,  the  quality 
and  quantity  of  the  coast  flora,  etc.,  are  here  important  factors.  The 
fishermen,  pilots,  etc.,  are  very  well  acquainted  with  these  local  coast 
currents,  which  we  will  briefly  call  nerocurrentSj  and  are  usually  to  be 
trusted  in  the  details.  ScientiflcaUy  these  currents  should  be  studied 
more  closely  in  smaller  part  and  less  quantity.  For  planktology  they  are 
of  very  high  interest  and  not  less  important  than  the  oceanic  currents. 

Next,  the  above-intimated  reciprocal  relations  of  the  neritic  and  oceanic 
pUmkton  are  to  be  taken  into  consideration.  He  who  for  a  long  time 
has  carried  on  the  pelagic  fishery  at  a  definite  point  on  the  coast 
knows  how  very  much  the  result  of  this  is  influenced  by  the  natural 
condition  of  the  coast,  by  the  course  and  the  extent  of  the  coast  cur- 
rents. Straits  like  those  of  Messina  and  Gibraltar,  harbors  like  those 
of  Villafranca  and  Portoflno,  furnish  uncommonly  rich  plankton  results, 
because  in  consequence  of  the  littoral  currents  a  mass  of  swimming 
animals  and  plants  are  collected  together  in  a  limited  space.  The  vol- 
H,  Mis,  113 40 
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nme  of  this  planktonlc  inas8  tlms  heaped  up  is  often  ten  or  many  times 
greater  than  that  iu  the  immediately  adjacent  parts  of  the  sea.  On 
the  contrary,  the  i)lanktonic  mass  is  extraordinarily  poor  in  pelagic  ani- 
mals and  plants,  where  by  the  emptying  of  great  floods  a  quantity  of 
fresh  water  is  brought  into  the  sea  and  its  saltness  diminished.  Johan- 
nes Miiller  pointed  out  how  very  much  the  result  of  pelagic  fishery 
was  influenced  thereby.  Again,  on  the  other  hand,  the  rivers  day  by 
day  bring  into  the  sea  a  quantity  of  organic  substances  which  serve  as 
food  for  the  benthonic  organisms,  and  since  the  benthos  again  stands  in 
manifold  reciprocal  relation  to  the  plankton,  since  the  meroplanktonic 
animals  (like  the  medus8B,  the  pelagic  larvsB  of  worms,  echinoderms, 
etc.)  are  the  means  of  a  considerable  interchange  between  the  two,  so 
is  it  easily  understood  how  the  distribution  of  the  holoplanktonic  ani- 
mals is  also  influenced  thereby  and  how  irregular  becomes  the  com- 
position of  the  plankton. 

ZoocurrentSj  orplanktonic  streams, — ^Among  the  most  noteworthy  and 
important  phenomena  of  marine  biology  is  the  great  accumulation  of 
swimming  bodies  which  form  long  and  narrow  bands  of  thickened 
plankton.  All  naturalists  who  have  worked  at  the  seashore  for  a  long 
period  and  have  followed  the  irregular  appearance  of  the  pelagic  organ- 
isms know  these  peculiar  streams,  which  the  Italian  fishermen  call  by 
the  name  "  correntV^  Carl  Vogt,  in  1848,  pointed  out  their  great  impor 
tance  for  pelagic  fishery  (17,  p.  303).  For  their  scientific  designation 
and  their  distinction  from  the  other  marine  currents  I  propose  the  term 
Zoocurrents  or  Zoorema,* 

The  pelagic  animals  and  plants  are  so  numerous  and  so  closely  packed 
in  these  zoocurrents  as  to  resemble  somewhat  the  human  population  in 
the  busiest  street  of  a  great  commercial  city.  But  millions  and  millions 
of  small  creatures  from  all  the  above-mentioned  groups  of  planktonic 
organisms  are  crowded  confusedly  together,  and  furnish  a  spectacle  of 
whose  charm  a  conception  can  be  formed  only  by  seeing  it.  If  one 
directly  scoops  up  a  portion  of  this  motley  crowd  with  a  tumbler,  not 
infrequently  ^Hhe  greater  part  of  the  contents  of  the  glass  (an  actual 
living  animal  broth)  is  composed  of  the  volume  of  animals,  the  smaller 
of  the  volume  of  water"  (3,  p.  171).  From  a  distance  these  "crowded 
sea-animal  streets  "  are  usually  discernible  from  the  smoothness  which 
the  surface  of  the  sea  presents,  while  close  beside  it  the  surface  is  more 
or  less  rippled.  Often  one  can  follow  such  an  "  oil-like  animal  stream," 
which  usually  has  a  breadth  of  5  to  10  meters,  for  more  than  a  kilometer 
without  finding  any  diminution  of  the  thick  crowd  of  animals  in  it,  while 
on  both  sides  of  it,  right  and  left,  the  sea  is  almost  vacant,  or  shows 
only  a  few  scattered  stragglers.  At  Messina,  as  at  Lanzarote,  the  phe- 
nomena of  the  zoocurrents  were  especially  pronounced.    My  companion 


*Jiema  (used  in  Messina)  is  from  the  Greek  peVfta  =  current ;  comp.  3,  d.  172  note. 
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on  the  trip,  Kichard  Greeff,  has  deBcribed  the  Canary  animal  streams 
so  vividly  that  I  will  here  give  his  description  verbatim: 

Oar  gaze  was  directed  to  the  highly  peculiar  long  and  narrow  currents,  which 
are  of  very  especial  importance  for  pelagic  fishery  with  fine  nets.  If  one  looks  at 
the  calm  sea,  especially  from  an  elevation  over  a  wide  expanse  of  water,  here  and 
there  are  seen  strongly  marked  shining  streaks,  which  intersect  the  surface  as  long 
narrow  bands.  Their  course  and  place  of  appearance  seem  to  be  continually  chang- 
ing and  irregular.  Sometimes  they  are  numerous,  sometimes  only  few  or  entirely 
abiient;  to-day  they  appear  here,  to-morrow  there;  some  have  one  direction,  others 
the  opposite  or  crossing  the  first.  Occasionally  they  run  along  close  to  one  another 
and  unite  in  a  single  stream.  If  one  approaches  this  streak  it  becomes  evident 
that  here  in  fact  a  current  prevails  different  from  the  movements  of  the  surrounding 
water,  and  that  thereby  is  brought  about  the  smooth  band-like  appearance.  They 
give  the  impression  of  streams  cutting  through  the  rest  of  the  ocean,  with  their  own 
channel  and  banks,  which,  notwithstanding  the  great  variations  in  the  time  and 
place  of  their  appearance,  yet  during  their  existence,  which  is  often  brief,  show  a 
certain  independence. 

If  one  comes  upon  such  streams,  which  are  not  too  far  distant  from  the  coast,  he 
sees  that  all  the  smaller,  lighter  objects  which  formerly  scattered  over  the  surface, 
floated  about  or  oast  upon  the  shore,  were  drawn  into  it.  Pieces  of  wood  and  cork, 
straw,  alga),  and  tangle  torn  loose  from  the  bottom,  all  in  motley  procession  are  carried 
along  in  this  current.  But  in  addition  (and  this  is  for  us  the  most  important 
phenomenon)  all  the  animals  belonging  in  the  region  of  these  currents  are  drawn  in 
and  fill  it,  often  in  such  great  quantities  that  one  is  tempted  to  believe  it  is  not 
merely  the  mechanical  influence  of  the  naiTO  w  stream  which  has  brought  about  such 
an  accumulation  of  animals,  but  that  the  latter  voluntarily  seek  out  these  smooth, 
qniet  streams,  perhaps  in  connection  with  certain  vital  expressions.  A  trip  upon 
such  a  pelagic  animal  road  furnishes  a  fund  of  very  interesting  observations.  We 
can  lean  over  the  edge  of  the  boat  and  review  the  countless  brightly  colored  sea- 
dwellers,  sometimes  passing  by  singly,  no  that  we  can  inspect  them  in  their  unique 
pecnliarities,  sometimes  in  such  thickly  massed  hordes  that  they  seem  to  form  an 
unbroken  layer  of  auimals  for  a  few  feet  below  the  surface.  Yet  these  animal  roads, 
where  one  meets  them  in  the  sea,  will  always  form  the  most  certain  and  richest 
mine  for  the  so-called  pelagic  fauna,  although  naturally,  from  their  changeableness 
and  their  dependence  upon  a  calm  sea,  they  can  never  be  definitely  counted  upon. 
Likewise,  the  origin  of  these  noticeable  streams  and  their  significance  in  the  natural 
history  of  the  sea  is  still  almost  couipletely  dark,  in  spite  of  the  fact  that  they  can 
be  observed  in  almost  all  seas  and  under  favorable  circumstances  daily,  and  also  are 
known  to  the  fishermen  of  Arrecife  under  the  name  Zain  (18,  p.  307). 

Although  the  zoocurrent«  seem  to  occur  in  the  most  diverse  parts  of 
the  ocean,  and  have  often  aroused  the  astonishment  of  observers,  yet  a 
recent  investigation  of  them  is  wanting.  What  I  know  about  them 
from  my  own  experience  and  from  the  contributions  of  others  is 
essentially  the  following: 

The  zoocurrents  occur  in  the  open  ocean  as  well  as  in  the  coast 
regions,  particularly  in  the  region  of  those  nerocurrents  which  run  in 
straits  between  islands  or  along  indented  coasts.  They  are  dependent 
upon  the  weather,  especially  the  wind,  and  appear  as  a  rule  only  dur- 
ing calms.  Although  in  the  case  of  the  neritic  zoc>currents  the  local 
course  is  more  or  less  constant,  still  it  is  subject  to  daily  (or  even 
hourly)  variations.  Their  breadth  is  usually  between  5  and  10  meters, 
but  sometimes  20  to  30  meters  or  more;  their  length  is  sometimes  only  a 
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few  hundred  uieters,  and  at  others  several  kilometers.  Oceanic  animal 
streams  reach  much  greater  extension.  Their  constitution  is  some- 
times polymixic,  sometimes  monotonic,  often  changing  from  day  to 
day.  Highly  remarkable  is  the  sharp  boundary  of  the  smooth,  thickly 
populated  animal  roads,  especially  if  the  less  inhabited  and  plankton- 
poor  water  on  both  sides  is  rippled  by  the  wind.  What  combination 
of  causes  produces  this  vast  accumulation  is  still  quite  unknown; 
certainly  wind  and  weather  play  a  role  in  it;  often,  also,  the  ebb  and 
flow  of  the  tide  and  other  local  conditions  of  the  regions,  especially 
local  currents.  As  whirlwinds  on  land  drive  together  the  scattered 
masses  of  dust  and  smaller  objects  and  raise  a  column  of  dust  upwards, 
so  may  the  submarine  whirlwind  press  closely  together  the  bathypelagic 
planktonic  m<asses  and  carry  them  upward  to  the  surface.  But  prob- 
ably, also,  in  the  same  connection,  complicated  odcological  conditions 
come  into  play,  e.  </.,  sudden  simultaneous  development  of  quantities  of 
eggs  of  one  species  of  animal.  A  new  study  of  the  zoocurrents  is  one 
of  the  most  urgent  problems  of  planktology. 

VI.— METHODS   OF    PLANKTOLOGT. 

The  new  aspects  and  methods  which  three  years  ago  were  introduced 
by  Prof.  Hensen  into  planktology,  and  of  which  I  have  already  spoken, 
have  for  their  main  purpose  the  quantitative  analysis  of  the  plankton, 
i,  e,y  the  most  exact  determination  possible  of  the  quantity  of  organic 
substance  which  the  swimming  organisms  of  the  sea  produce.  To 
solve  this  subject  and  come  nearer  to  the  question  connected  with 
it  of  the  "cycle  of  matter  in  the  sea,"  Hensen  devised  a  new  mathe- 
matical method  which  aims  chiefly  at  the  counting  of  the  individuals  of 
animals  and  plants  which  populate  the  ocean.  This  new  method  we 
can  briefly  term  the  oceanic  population  statistics  of  Hensen.  The  high 
value  which  this  indefatigable  physiologist  attributes  to  his  new  arith- 
metical method  is  shown  by  the  special  mention  which  he  makes  of  it 
in  his  first  contribution  (9,  pp.  2^33),  from  the  wonderful  patience  with 
which  he  counted  for  months  the  single  IHa4omSy  PeridinecBy  Infusoria^ 
Crustacea,  and  other  pelagic  individuals  in  a  single  haul  of  the  Miiller 
net,  and  from  the  long  tables  of  numbers,  the  numerical  protocols,  and 
records  of  captures  which  he  has  appended  to  his  first  plankton  volume 
which  appeared  in  1887. 

Any  ordinary  pelagic  haul  with  the  Miiller  net  or  tow  net  brings  np 
thousands  of  living  beings  from  the  sea;  under  most  favorable  circum- 
stances hundreds  of  thousands  and  millions  of  individuals.*  How  much 
labor  and  time  was  involved  in  the  counting  of  these  organisms  (for  the 
greater  part  microscopic)  is  shown  fi*om  the  fact  that  "even  the  count- 
ing of  one  Baltic  Sea  catch,  which  is  pretty  uniform  in  its  composi- 
tion, required  eight  full  days,  reckoning  eight  working  hours  to  the 


*  In  a  small  catch,  which  filtered  scarcely  2  cubic  meters  of  Baltic  Sea  water,  were 
found  5,700,000  OTganismR^inclxidm^ 5, 000,000  microscopic  peridineie, 630,000  diatonVy 
80,000  copepods  and  70,000  oXhei  Vb^mo^^  ^^,^.^\^^. 
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day''  (23,  p.  616).  Meanwhile  Brandt,  explaining  the  "highly  original 
procednre"  of  Hensen  ("turning  attention  to  atta<*king  a  problem,  the 
solution  of  which  no  one  had  ever  thought  of"),  remarks,  with  refer- 
ence to  the  foregoing  quantitative  analysis  of  the  Atlantic  plankton 
expedition  of  the  National  (1889),  "that  the  very  much  more  manifold 
ocean  catches  will  consume  i)resumably  twice  as  much  time,  and  since 
on  the  plankton  voyage  at  least  120  such  catches  were  made,  then  the 
working  out  of  these  (quite  apart  from  the  preliminary  preparations) 
will  fully  occui)y  an  investigator  for  120  x  14  days,  or  about  6  years'' 
(23,  p.  516).» 

Oi)inions  respecting  the  significance  and  the  value  of  the  oceanic 
population  statistics  of  Hensen  are  very  diiferent.  E,  du  Bois-Rey- 
mond,  in  his  paper  before  the  Berlin  Academy  (21,  j).  83),t  attributes 
to  it  extraordinary  importance,  "wherefore  the  uncommon  sacrifice 
made  for  it  was  justified."  According  to  his  opinion,  the  plankton 
expedition  of  the  National^  arranged  for  this  purpose,  within  its  defi- 
nite limits,  from  the  novelty  and  beauty  of  its  well-described  task, 
assumes  a  unique  place,  and  the  Humboldt  fund  ought  to  be  proud  at 
having  been  among  the  first  to  contribute  to  its  execution"  (21,  p.  87). 
On  the  ground  of  this  honorable  recognition,  as  well  as  of  the  great 
hopes  which  the  naturalist  of  Kiel  himself  based  upon  the  results  of 
the  National  expedition,  numerous  notices  have  appeared  in  German 
newspapers,  disseminating  the  view  that  an  entirely  new  field  of 
scientific  investigation  had  been  thereby  actually  entered  upon,  and 
that  a  further  extension  of  it  was  of  great  imi)ortance.  I  am  sorry  to 
say  that  I  can  not  agree  with  this  very  favorable  conception. 

DISTRIBUTION  OP  THE   PLANKTON. 

The  foundation  upon  which  the  entire  planktonic  conception  and 
computation  of  Hensen  rests  is  the  view  "that  in  the  ocean  the  plank- 
ton most  be  regularly  distributed;  that  from  a  few  catches  very  safe 
estimates  can  be  made  upon  the  condition  of  very  great  areas  of  the 
sea"  (22,  p.  243).  As  Hensen  himself  says,  he  started  with  this  '^purely 
theoretical  view,^  and  he  believes  that  a  completely  successful  result  is 
to  be  had,  because  these  theoretical  premises  have  been  more  fully 

M  ■  -^  ■  ■  ■    ■ 

'According  to  this,  the  uufortuuato  plankton  counter  would  in  these  120  catches 
have  to  connt  for  over  17,000  hours.  How  such  an  arithmetical  Danaidss  work  can 
be  carried  through  without  ruin  of  mind  and  body  I  can  not  conceive. 

tin  the  introduction  to  this  noteworthy  paper  Du  Bois-Reymond  says  that  since 
1882  Heosen  ''had  been  mindful  that,  especially  on  the  surface  of  the  sea,  there  was 
found  a  more  unequally  numerous  population  of  minutest  living  forms  than  had 
previoasly  been  supposed''  (21,  p.  83).  This  remark  needs  correction,  because  many 
times  in  the  celebrated  log  book  of  the  National  plankton  expedition  this  has  been 
orerlooked,  and  therefore  it  has  wrongly  been  inferred  that  Hensen  eight  years  ago 
was  the  first  to  discover  the  exUttnce  and  abundance  of  the  pelagic  fauna  and  flora.  In 
fact,  for  forty-five  years  they  have  been  the  object  of  wonder  and  study  for  numerous 
naturalists. 
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established  than  could  have  been  hoped.  I  have  already  shown  that 
this  fundamental  premise  is  entirely  wrong.  The  niMs  of  planJcton  in 
the  ocean  is  not  2)eren7iial  and  constant^  but  of  highly  variable  and  oscU- 
lating  size.  The  biological  composition  is  very  diverse,  dejiendent  ui)oii 
temporal  variations — year,  season,  weather,  time  of  day,  upon  climatic 
conditions  {ind  especially  upon  the  complicated  ctirrentic  conditions  of 
the  streams  of  the  sea,  of  tiie  oceanic  and  littoral  currents,  the  deep 
currents,  and  the  local  zoocurrents. 

A  comprehensive  and  fair  estimation  of  all  these  (ecological  condi- 
tions must  a  priori  lead  to  the  conviction  that  the  distribution  of  the 
plankton  in  the  ocean  must  he  extremely  irregular^  and  we  find  this 
'^purely  theoretical  view  completely  established''  a  posteriori  by  the 
comparative  consideration  and  comparison  of  all  the  earlier  above- 
mentioned  observations.  These  can  not  be  regarded  as  refuted  by  the 
opposing  view  of  Hensen;  for  the  empirical  basis  of  the  latter  is,  in 
regard  to  its  time  and  place,  much  too  scanty  and  incomplete. 

One  might  perhai>s  object  that  the  technical  methods  of  plankton 
capture  which  Hensen  employed  gave  more  complete  results  than  the 
methods  hitherto  used;  but  this  is  not  the  case.  The  recent  descrip- 
tion which  Hensen  gives  of  his  technical  methods  for  obtaining  plankton 
(or  pelagic  fishery)  is  very  praiseworthy  (9,  pp.  3  to  14).  The  construc- 
tion of  the  net  (material,  structure  of  the  net,  size  of  filtration),  the 
management  of  the  cat(*h  and  of  the  craft,  are  there  carefully  described. 
The  advance  of  the  new  technique  there  realized  may  indeed  serve  to 
carry  on  the  i)elagic  fishery  or  plankton  capture  more  productively  and 
more  completely  than  was  possible  with  the  previous  simpler  technical 
apparatus  of  i)lanktology ;  but  I  can  not  find  that  one  of  the  proposed 
improvements  of  this  pelagic  technique  shows  a  great  advance  in  prin- 
ciple and  is  at  all  comparable  to  the  great  advance  which  Palumbo 
and  Chierchia  made  in  1884  by  the  invention  of  the  closible  net. 
Besides,  I  can  not  understand  how  the  new  '< plankton  net"  constructed 
by  Hensen  could  give  more  accurate  results  than  the  simple  "Miiller 
nef  hitherto  employed,  and  the  "tow  net"  used  by  the  Challenger. 
Such  a  vertical  net  will  always  bring  up  only  a  part  of  the  plankton 
contained  in  the  volume  of  water  going  through  it,  and  by  no  means, 
as  Hensen  and  Brandt  believe,  is  a  column  of  water  whose  height  and 
base  area  can  be  measured  with  sufticieut  accuracy  perfectly  filtered. 
In  this  supposition  the  incalculable  disturbances  by  conditions  of  cur- 
rents, especially  of  concealed  deep  streams,  are  left  out  of  acconnt,  as 
already  mentioned.  Besides,  Chierchia  ha«  lately  shown  how  unreliable 
and  little  productive  is  the  fishery  with  the  vertical  net  on  account  of 
the  considerable  horizontal  swimming  movements  of  the  pelagic  animals 
(8,  p.  79).  At  ^ny  rate,  the  improvements  Hensen  has  introduced  into 
the  technical  methods  of  plankton  capture  are  not  so  important  that 
the  remarkable  difference  between  his  and  the  earlier  results  can 
theri^yy  be  explained. 
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OCEANIC  POPULATION — STATISTICS. 

Statistics  ill  general  is  kuowii  to  be  a  very  dangerous  science,  be- 
cause it  is  commonly  employed  to  find  from  a  number  of  incomplete 
observations  the  approximate  average  of  a  great  many.  Since  the 
results  are  given  in  numbers,  they  arouse  the  deceptive  appearance 
of  mathematical  accuracy.  This  is  especially  true  of  the  complicated 
biological  and  sociological  conditions,  whose  total  phenomenon  is  con- 
ditioned by  the  cooperation  of  numerous  different  factors,  and  is, 
therefore,  very  variable  according  to  time  and  place.  Such  a  highly 
complicated  condition,  as  I  believe  I  have  shown,  is  the  composition  of 
the  plankton.  If,  as  Hensen  actually  wishes,  this  were  to  be  sufficiently 
analyzed  by  counting  the  individuals,  and  oceanic  population  statistics 
were  thereby  to  be  made,  then  this  would  only  be  possible  by  the  forma- 
tion of  numerous  statistical  tables,  which  should  give  results  in  figures 
of  the  plankton  flsliery  quantitatively  in  at  least  a  hundred  different 
partJ4  of  the  ocean,  and  in  each  of  these  at  least  during  ten  different 
periods  of  the  year. 

A  single  ^'reconnoitering  voyage"  on  the  ocean,  a  single  "trial 
trip,"  limited  in  time  and  place,  like  the  three-months  Atlantic  voyage 
of  the  National  expedition,  can  furnish  only  a  single  contribution  to 
this  subject.  But  it  can  in  no  way,  as  Brandt  thinks,  offer  "  firm  foun- 
dations" for  the  solution  of  this  and  that  "thorough  analysis"  (23,  p. 
525).  If,  also,  after  six  years  the  120  catches  should  actually  be  counted 
through  (after  a  labor  of  more  than  17,000  hours),  if  by  statistical 
arrangement  of  this  numerical  protocol,  by  rational  reckoning  of  their 
results,  a  serviceable  conception  of  the  quantity  of  individuals  of  the 
oceanic  region  investigated  should  be  obtained,  then  at  best  this  one 
computation  would  give  us  an  approximate  conception  of  the  conditions 
of  population  of  a  very  small  part  of  the  ocean ;  but  from  it  by  no  means 
can  we,  as  the  investigator  of  Kiel  wishes,  arrive  at  conclnsions  bear- 
ing upon  the  whole  ocean  5  for  that  purpose  hundreds  of  similar  com- 
putations must  be  made,  including  the  most  diverse  regions  and  based 
upon  continuous  series  of  observations  during  whole  years.  The  zoolog- 
ical stations  would  be  the  best  observatories  to  carry  out  complete  series 
of  observations  of  this  character,  not  such  trial  trips  as  the  three-months 
voyage  of  the  National.* 


*  In  my  opinion  the  rosults  of  the  National  expedition  of  Kiel  would  have  been 
quite  ditferent  if  it  had  been  carried  out  in  the  three  months  from  January  to  March, 
instead  of  from  July  to  October.  On  the  whole,  the  volume  of  planktonic  catch,  at 
least  in  the  North  Atlantic  Ocean,  would  have  more  than  doubled;  in  some  places  it 
would  have  been  increased  many  fold.  Its  constitution  would  have  been  entirely 
different.  If  the  expedition  had  by  accident  fallen  in  with  a  zoocurrent,  and  its 
voyage  had  continued  in  it  for  a  few  miles,  the  contents  of  the  nets  would  have 
certainly  been  a  hundredfold,  possibly  a  thousandfold,  greater. 
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COUNTING   OF   INDIVIDUALS. 

Since  the  new  method  of  oceanic  i)opulation  statistics  introduced  by 
Henseii  seeks  its  peculiar  basis  in  the  counting  of  the  individuals 
which  compose  the  plankton,  and.  since  it  finds  in  this  "counting  the 
only  basis  upon  which  a  judgment  can  rest"  (9,  p.  26),  then  we  must 
examine  more  critically  this  cardinal  point  of  his  method,  upon  which 
he  lays  the  greatest  stress.  The  counting  of  the  single  organic  indi- 
viduals, which  compose  the  mass  of  the  plankton,  is  in  itself,  quite  apart 
from  its  eventual  value,  an  extremely  difficult  and  doubtful  task.  Hen- 
sen  himself  has  not  concealed  a  part  of  this  great  difficulty,  and  attempts 
to  partly  allay  the  doubts  which  arise  against  his  whole  method.*  But 
in  fact  these  are  much  greater  and  more  dangerous  than  he  is  inclined 
to  admit. 

WHAT  IS  AN   ORGANIC   INDIVIDUAL! 

This  simple  question,  as  is  known,  is  extremely  difficult  to  answer. 
If  one  does  not  accept  all  the  grades  of  physiological  and  morpho- 
logical individuality,  which  I  have  distinguished  in  the  third  book  of 
my  "  Qenerelle  Morphologie^^  1866,  there  are  at  least  three  distinct  chief 
grades  to  be  kept  apart:  (1)  The  cell  (or  plastid);  (2)  the  person  (or 
bud);  (3)  the  cormus  (or  colony).t  Only  among  the  Frotista  (Fro- 
tophyta  and  Frotozoa)  is  the  actual  individual  represented  by  a  single 
cell;  on  the  other  hand,  among  the  Histona  {Metaphyta  and  Metazoa)y  by 

*The  fourth  part  of  the  '^Methodik''  in  the  plankton  volume  of  Hansen,  which 
treats  of  ''the  work  on  land/'  (a)  Determination  of  the  vohime,  (&)  the  counting 
(9^  pp.  15-30),  is  especially  worthy  of  reading,  not  only  because  it  gives  the  deepest 
insight  into  the  error  of  his  method,  but  also  into  his  very  peculiar  conception  of 
a  general  biological  problem. 

tThe  swimming  animals  and  plants  which  compose  the  plankton  should  in  this 
respect  be  arranged  under  the  following  heads :  (a)  Protophyia — among  the  Ckra- 
macecB,  Calcocyte(Bf  MurracyieoSf  XantkellecB,  JHciyochce,  and  PeridinecBf  all  single  cells 
are  to  be  counted ;  among  the  diatoms  partly  the  latter,  partly  the  cenobia  or  cell 
aggregates.  (6)  Metaphyta — among  the  Halospha^a  are  to  be  counted  the  spherical 
Thalli;  among  the  Oscillatorice  the  single,  thread-like  Thalli;  among  the  Sarga9$a 
the  cormus  as  well  as  its  buds ;  but  the  cells  which  constitute  each  thallus  and  bud 
are  also  peculiar,  (c)  Protozoa — the  Infusoria  (Noctiluca  and  Tiniinna)  as  well  as 
the  rhizopods  (Thalanwphora  and  Radiolaria),  are  all  to  be  counted  as  unicellular 
individuals,  but  among  the  Polycyttarice,  besides  the  Comcbia  (colonies  of  Collozoidas, 
SphairozoidcR,  and  Collosphasridos),  (d)  Coslenterata — among  the  Medu9€e  and  Cieno- 
phoreSf  as  also  among  the  pelagic  Anthozoa  and  Turbellaria  the  single  persons  are  to  be 
counted ;  among  the  Siphonophorcs  these  as  well  as  the  single  colonies ;  for  each  person 
(or  each  medusom)  of  <a  cormus  is  here  equivaleut  to  a  medusa,  (e)  Tunicata — among 
the  Copelata,  Doliohuny  aud  the  generations  of  solitary  Salpaa,  the  single  persons  are 
to  be  counted;  on  the  other  hand,  among  the  Pyrosoma  and  the  Salpa  chains,  the 
single cormi  as  well  as  tlio  persons  which  compose  them,  (f-k)  In  all  the  remaining 
groups  of  plauktouic  auimals,  in  the  case  of  sagitta,  mollusks,  eohinoderm  larvie, 
articulates,  and  fishes,  not  merely  the  persons  are  to  be  counted,  but  also  the  cells 
which  make  up  each  of  these  metazoa. 
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the  higher  unit  of  the  person  or  of  the  colony,  which  is  composed  of 
many  cell«.  If  we  actually  wish  to  carry  out  exactly  the  method,  held 
by  Henson  as  indispensabh  ,  of  counting  the  individuals,  and  wish  to 
obtain  useful  results  for  his  statistical  work,  then  nothing  remains  ex- 
cept a  counting  of  all  single  cells  which  live  in  the  sea.  For  only  the 
single  cells,  as  the  "  organic  elementary  individual,"  can  form  the 
natural  arithmetical  unit  of  such  statistical  calculations  and  the  com- 
putations based  thereon.  If  Hensen  in  his  long  "  numerical  protocols 
and  comparisons  of  captures"  (9,  pp.  xi-xxxiii)  places  close  to  one 
another  as  counted  individuals — as  co<)rdinated  categories — the  uni- 
cellular radiolaria,  the  cormi  of  siphonophores  and  tunicates,  the  per- 
sons of  medusae,  ctenophores,  echinoderms,  and  Crustacea,  the  eggs 
and  persons  of  fishes,  then  he  places  together  vastly  incommensurable 
bulks  of  quite  different  individual  value.  These  can  only  be  compar- 
able for  his  purpose  if  all  single  cells  are  counted.  But  since  each  fish 
and  each  whale  in  the  ocean  daily  destroys  milliards  of  these  planktonic 
organisms,  so,  in  order  to  gain  an  '^ exact"  insight  into  the  "cycle  of 
matter  in  the  sea,"  the  cell  milliards  which  compose  the  bodies  of  these 
gigantic  animals  must  be  counted  and  placed  in  the  reckoning. 

ECONOMIC  YIELD  OF  THE  OCEAN. 

Hensen  holds  the  quantitative  determinations  of  the  plankton  not 
only  as  of  the  highest  importance  in  theoretical  interest  to  science,  but 
also  in  practical  interest  to  national  economy.  He  thinks  "that  we 
will  be  able  to  invent  correct  modes  of  action  in  the  interest  of  the 
fisheries,  •  only  if  we  are  in  position  to  form  a  judgment  ui)on  the  pro- 
ductive possibilities  of  the  sea"  (9,  p.  2).  Accordingly  he  regards  it  as 
the  most  pressing  problem  to  determine  the  economic  yield  of  the 
ocean  in  the  same  way  as  the  farmer  determines  the  useful  yield  of  his 
fields  and  meadows,  the  yearly  production  of  grass  and  grain.  By  the 
counting  of  the  planktonic  individuals  which  Hensen  has  carried  on  for 
a  long  time  for  a  small  part  of  the  Baltic  Sea,  he  thinks  he  has  become 
convinced  that  the  "entire  production  of  the  Baltic  in  organic  sub- 
stance is  only  a  little  inferior  to  the  yield  of  grass  upon  an  equally 
large  area  of  meadow  land." 

The  farmer  determines  the  yield  of  his  meadows,  garden,  and  field 
by  quantity  and  weight,  not  by  counting  the  individuals.  If  instead 
of  this  he  wished  to  introduce  Hensen's  new  exact  method  of  deter- 

*  How  the  practical  interests  of  the  fisheriea  can  bo  advanced  by  quantitative 
plankton  analysiu  I  am  not  able  to  understand.  The  most  important  modes  of 
action  which  wo  can  employ  for  the  increase  of  the  tisli  production  of  the  ocean — 
artificial  propagation,  increase  and  protection  of  the  fry,  increase  of  their  food 
supply,  destruction  of  the  predaceous  fishes,  etc. — are  entirely  independent  of  the 
numerical  tables  which  Hensen's  ounmerntion  of  individuals  gives.  That  the  number 
of  swimming  fish  eggs  furnishes  no  safe  conclusion  upon  the  number  of  mature  fish 
has  been  pointed  out  above. 
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minatioD,  he  must  count  all  the  potatoes,  kernels  of  grain,  grai>e8, 
cherries,  etc.,  and  not  only  that,  he  must  also  count  the  blades  of  grass 
of  his  meadow,  even  every  individual  weed  which  grows  among  the 
grain  of  his  field  and  the  useful  plants  of  his  garden;  for  these  also, 
regarded  from  the  physiological  point  of  view,  belong  to  the  "total 
production''  of  the  ground.  And  what  would  be  gained  by  all  these 
immense  countings?  Just  as  little  as  with  the  ^^ desolate  figures"  in 
Hensen's  long  numerical  protocols.* 

VOLUME  AND  WEIGHT   OF   THE  PLANKTON. 

If  one  actually  regards  the  determination  of  the  planktonic  yield  as  a 
highly  important  subject,  and  believes  that  this  can  be  solved  by  a 
certain  number  of  quantitative  plankton  analyses,  then  this  goal  can 
be  reached  in  the  simplest  way  by  determination  of  the  volume  and 
weight  of  each  planktonic  catch.  Hensen  himself  naturally  first  trod 
this  nearest  way;  but  he  thinks  that  it  is  not  accurate  enough  and 
encounters  difficulties  (9,  p.  15).  In  his  opinion,  "an  accurate  analysis 
of  the  plankton,  on  account  of  the  great  variety  of  its  parts,  can  only 
be  obtained  by  counting;  he  quite  forgets  that  such  a  counting  of 
individuals  also  possesses  only  an  approximate  and  relative  value, 
not  a  complete  and  absolute  one;  farther,  that  from  the  counting  of  the 
different  individuals  no  more  certain  measure  for  the  economic  value 
of  the  whole  diversely  constituted  planktonic  catch  is  furnished; 
finally  that  the  counting  of  one  catch  is  of  highest  value  as  a  single 
factor  of  a  great  computation,  which  is  made  from  thousands  of  dif- 
ferent factors. 

The  only  thorough  method  of  determining  the  yield,  in  planktology 
as  in  economy,  is  the  determination  of  the  useful  substance  according 
to  mass  and  weight  and  subsequent  chemical  analysis.  In  fact,  the 
determination  of  the  planktonic  volume,  as  of  the  weight,  just  as  the 
qualitative  and  quantitative  chemical  analysis  of  the  plankton,  is  pos- 
sible up  to  a  certain  degree.  The  difficulties  are  less  than  Hensen 
believes.  It  seems  odd  that  the  latter  has  not  mentioned  these  two 
simplest  methods  in  a  single  place  in  his  comprehensive  volume  (9,  p. 
15),  but  hastily  casts  them  aside  and  replaces  them  with  the  quite  use- 
less ^*  counting  of  individuals,"  a  Danaid%  task  of  many  years. 


*  While  HenBen  is  going  over  tbe  conntiug  of  the  siugle  constituent  parts  of  the 
plankton,  he  ca1l8  special  attention  to  the  fnct  ^Hhat  in  spite  of  the  apparently'' 
desolate  figures,  in  almost  every  single  case  certain  restilts  of  general  interest  have 
come  out;  though  the  opportunity  is  not  ofiered  to  show  them  in  a  compariBon. 
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CYCLE  OF  MATIER  m  THE  OCEAN  {StoffwecUel  des  Meerea.) 

The  many  and  great  questions  which  the  miglity  cycle  of  matter  in 
the  ocean  furnishes  to  biology,  the  questions  of  the  source  of  the  fun- 
damental food  supply,  of  the  reciprocal  trophic  relations  of  the  marine 
flora  and  fauna,  of  the  conditions  of  support  of  the  benthonic  and 
plauktonic  organisms,  etc.,  have,  within  the  last  twenty  years,  since 
the  beginning  of  the  epoch-making  deep-sea  investigation  (13),  been 
much  discussed  and  have  received  very  different  answers  (11).  Hen- 
sen  has  also  devoted  considerable  attention  to  this,  and  particularly 
emphasizes  the  physiological  importance  of  the  fundamental  food  sup- 
ply ( Umahrung),  He  believes  this  complicated  question  can  be  solved 
especially  by  quantitative  determination  of  the  fundamental  food  supply. 

I  have  already  shown  why  this  method  of  quantitative  plankton 
analysis  must  be  regarded  as  useless.  Even  assuming  that  it  were 
possible  and  practicable,  I  can  not  understand  how  it  could  lead  to  a 
definite  solution  of  this  question.  On  the  other  hand,  I  might  here 
point  to  one  side  of  the  oceanic  cycle  of  matter  whose  further  pursuit 
seems  very  profitable.  The  two  chief  sources  of  the  "  oceanic  fun- 
damental food  supply '^  have  already  been  correctly  recognized  by 
Mobius  (11),  Wyville  Thompson  (13, 14),  Murray  (6),  and  others:  First, 
the  vast  terrigenous  masses  of  organic  and  particularly  vegetable 
substances,  which  are  daily  brought  by  the  rivers  to  the  sea;  sec- 
ondly, the  immense  quantities  of  plant  food  which  the  marine  flora 
itself  ftirnishes.  Of  the  latter  we  previously  had  in  mind  chiefly  the 
benthonic  littoral  flora,  the  mighty  forests  of  algte,  meadows  of  Zostera^ 
etc.,  which  grow  in  the  coast  waters.  Only  in  recent  times  have  we 
learned  to  value  the  astonishing  quantity  of  vegetable  food  which  the 
plauktonic  flora  produces,  the  Fucoids  of  the  Sargasso  Sea  on  the  one 
side,  the  OsoillatoricB  and  the  microscopic  Diatoms  and  Peridinew  on 
the  other.  But  the  smaller  groups  of  pelagic  Protophytes,  which  I  have 
mentioned  above,  the  Chroma^ew,  Murracytem^  Xanthelleas^  DictyochecBy 
etc.,  also  play  an  important  role.  Tlie  great  importance  which  devolves 
upon  the  small  symbiotic  XanthelleWj  has  been  especially  emphasized 
by  Brandt  (24),  Moseley  (7),  and  Geddes.  Evidently  their  multiplica- 
tion is  extremely  rapid,  and  if  each  second  milliard  of  such  Protaphytes 
were  eaten  by  small  animals,  new  milliards  would  take  their  places. 
Whether  or  not  the  number  of  these  milliards  is  shown  to  us  by  the 
quantitative  plauktonic  analysis  seems  to  me  wholly  indifferent.  More 
important  for  the  understanding  of  their  physiological  importance 
would  be  the  ascertainment  of  the  rapidity  of  the  increase. 

The  importance  of  these  Protophytes  and  of  the  Protozoa  living  upon 
them  has  lately  been  particularly  described  by  Chun  (28,  pp.  10, 13).  He 
has  also  rightly  emphasized  the  extraordinary  importance  which  the 
vertical  migration  of  the  bathypelagic  animals  has  for  the  support  of  the 
deep-sea  animals.    They  are  to  a  great  extent  the  under  workmen,  who 
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consfaiitly  bring  the  provision  transports  into  the  deep  sea  (15,  pp.  49, 
67).  Thitlier,  in  addition,  come  the  immense  quantities  of  marine  plant 
and  animal  corpses,  which  daily  sink  into  the  depths  and  are  borne 
away  by  currents.  Thither  comes  the  constant  "rain"  of  the  corpses 
of  zonary  Protozoa  (especially  Olobigerina  and  Radiolaria),  which 
uninterruptedly  pour  down  through  all  the  zones  of  depth  into  the 
deepest  abysses,  and  whose  shells  form  the  most  abundant  sediment  of 
the  deep  sea,  the  calcareous  Olobigerina  ooze  and  the  siliceoxis  Radiolaria 
ooze.  In  general,  it  seems  to  me  that  the  daily  supply  of  food  materials 
which  the  decaying  corpses  of  numberless  marine  organisms  furnisli  to 
the  others,  is  much  more  important  than  is  commonly  supposed.*  How 
much  food  would  a  single  dead  whale  alone  furnish! 

But  especially  important  and  not  sufficiently  valued  in  this  regard, 
it  seems  to  me,  is  the  trophic  importance  of  the  benthos  for  the  plankton. 
Immense  quantities  of  littoral  benthos  are  daily  carried  out  into  the 
ocean  by  the  currents.  Here  they  soon  disappear,  since  they  serve  as 
food  for  the  organisms  of  the  plankton.  If  one  weighs  all  these  com- 
plicated reciprocal  relations,  he  obtains  without  counting  a  sufficient 
general  conception  of  the  ^^  cycle  of  the  organic  material  in  the  marine 
world." 

COMPARATIVE  AND  EXACT  METHODS. 

The  farther  the  two  great  branches  of  biology,  namely,  morphology 
and  physiology,  have  developed  into  higher  planes  during  the  last 
decade,  so  much  farther  have  the  methods  of  investigation  in  both 
sciences  diverged  from  one  another.  In  morphology  the  high  worth  of 
comparative  or  declarant  methods  has  always  been  justly  more  recog- 
nized, since  the  general  phenomena  of  structure  {e.  g,y  in  ontogeny  and 
system ization)  have  been  in  great  part  removed  from  exact  investi- 
gation, and  comprise  historical  problems,  the  solution  of  which  we  can 
strive  for  only  indirectly  (by  way  of  comparative  anatomy  and  phylo- 
genetic  speculation).  In  physiology,  on  the  other  hand,  we  constantly 
strive  to  employ  the  exact  or  mathematical  methods,  which  have  the 
advantage  of  relative  accuracy  and  which  enable  us  to  trace  back  the 
general  phenomena  of  vital  activity  directly  to  physical  (particularly 
to  chemical)  processes.  Plainly  it  must  be  the  endeavor  of  all  sciences 
(of  morphology  also)  to  find  and  retain  as  much  as  possible  this  exact 
mode  of  investigation.  But  it  is  to  be  regretted  that  among  most 
branches  of  science  (and  particularly  the  biological  ones)  this  is  not 
possible,  because  the  empirical  foundations  are  ranch  too  incomplete  and 

*HcuBen  values  this  source  of  food  very  slightly,  because  ^'ouly  a  very  few  aoi- 
nialslive  upon  dead  matter/'  and  explains  it  iu  this  way,  ''that  material  in  a  state 
of  foul  putrefaction  requires  a  stronger  digestive  power  than  the  organization  of  the 
lower  animals  can  produce"  (9,  p.  2).  I  must  contradict  both  ideas.  The  sponges  live 
chiefly  upon  decaying  organisms,  as  do  also  many  Protozoa,  Helmintha,  Cruataceaf  etc. 
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the  problems  in  band  much  too  complicated.  Mathematical  treatment 
of  these  does  more  harm  than  good,  because  it  gives  a  deceptive  sem- 
blance of  accuracy,  which  in  fact  is  not  attainable.*  A  part  of  physi- 
ology also  embraces  such  subjects  as  are  with  diflSculty,  or  even  not  at 
all,  accessible  to  exact  definition,  and  to  these  also  belong  the  chorology 
and  oecology  of  the  plankton. 

The  fundamental  fault  of  Rensen^s  planJcton  theory  in  my  opinion  lies 
in  the  foct  that  he  regards  a  liighly  complicated  problem  of  biology  as 
a  relatively  simple  one,  that  he  regards  its  many  oscillating  jiarts  as 
proportionally  constant  bulks,  and  that  he  believes  that  a  knowledge 
of  these  can  be  reached  by  the  exact  method  of  mathematical  counting 
and  computation.  This  error  is  partly  excusable  from  the  circum- 
stance that  the  physiology  of  to-day,  in  its  one-sided  pursuit  of  exact 
research,  has  lost  sight  of  many  general  problems  which  are  not  suited 
for  exact  special  investigation.  This  is  shown  especially  in  the  case 
of  the  most  important  question  of  our  present  theory  of  develop- 
ment, the  species  problem.  The  discussions  which  Hensen  gives 
upon  the  nature  of  the  species,  upon  systemization,  Darwinism,  and 
the  descent  theory,  in  many  places  in  his  plankton  volume  (pp.  19,  41, 
73,  etc.)  are  among  the  most  peculiar  which  the  volume  contains.  They 
deserve  the  special  attention  of  the  systematist.  The  '^actual  species" 
is  for  him  a  physiological  conception,  while,  as  is  known,  all  distinction 
of  species  has  hitherto  been  reached  by  morphological  means.! 

In  my  Report  on  the  Radiolaria  of  H.  M.  8.  Challenger  I  have  at- 
tempted to  point  out  how  the  extremely  manifold  forms  of  this  most 
numerous  class  (739  genera  and  4,318  species)  are  on  the  one  hand  dis- 
tinguished as  species  by  morphological  characters,  and  yet  on  the  other 
hand  may  be  regarded  as  modifications  of  85  family  tyi)es,  or  as  de- 
scendants of  20  ancestral  orders,  and  these  again  as  derived  from  one 
common  simple  ancestral  form  (Actissay  4,  §  158).  Hensen  on  the  other 
hand  is  of  the  opinion  that  therein  is  to  be  found  "a  strong  opposing 
proof  against  the  independence  of  the  species"  (9,  p.  100).  He  hopes 
"to  lighten  the  systematic  difficulties  by  the  help  of  computation"  (p. 
75).   Through  his  systematic  plankton  investigations  he  has  reached 

*  A  familiar  and  very  inatructive  example  of  this  perverted  employment  of  exact 
methods  in  morphology  is  furnished  by  the  familiar  '^  Mechanical  theory  of  develop- 
ment'^ of  HiS|  which  I  have  examined  in  my  anthropogeny  (3d  edition,  p.  53,  655)  as 
well  as  in  my  paper  upon  Ziele  and  Wege  der  EnUoickelungsgeaohickie  (Jena,  1875). 

t Since  of  late  the  physiological  importance  of  the  ^'species''  conception  has  often 
been  emphasized  and  the  "  system  of  the  future  "  by  the  way  of  *•  comparative  physi- 
ology ''  has  been  pointed  oat,  it  must  here  be  considered  that  up  to  this  time  not 
one  of  these  systematic  physiologists  has  given  oven  a  hint  how  this  new  system  of 
description  of  species  can  be  practically  carried  out.  What  Hensen  has  said  about 
it  (9,  pp.  41, 73, 100)  is  just  as  worthless  as  the  earlier  discussions  by  Pol<?jaeff,  which 
have  been  critically  considered  in  my  Report  on  the  Deep-Sea  Keratosa  (Challenger, 
Zoology,  vol.  XXXII,  part  82,  pp.  82--85.) 
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the  conviction  that  "  the  more  accurately  the  investigation  has  been 
made,  so  much  the  more  plain  becomes  the  distinction  of  species"  (9, 
p.  100).  On  the  other  side  I,  like  Charles  Darwin,  through  many  years 
of  comparative  and  aystematic  work,  have  arrived  at  the  opposite  con- 
clusion: "  The  more  accurately  the  systematic  investigations  are  madCj  the 
greater  the  number  of  imUviduals  of  a  species  compared^  the  intenser  the 
study  of  individual  variation,  by  so  much  more  impossible  becomes  the 
distinction  of  actual  species^  so  much  more  arbitrary  the  subjective  limits 
of  their  extent,  so  much  stronger  the  conviction  of  the  truth  of  the  Theory 
of  Descent.'^^ 

PLANKTOLOGIOAIi  PROBLEMS. 

The  wonderful  world  of  organic  life,  which  fills  the  vast  oceans,  offers 
a  fund  of  very  interesting  subjects.  Without  question,  it  is  one  of  the 
most  attractive  and  profitable  fields  of  biology.  If  we  consider  that 
the  greater  part  of  this  field  has  been  open  to  us  scarcely  fifty  years, 
and  if  we  wonder  at  the  new  discoveries  which  the  Clialknger  expedition 
alone  has  brought  to  light,  then  we  ought  to  count  upon  a  brilliant 
future  for  plauktology. 

Above  all  we  ought  to  cherish  the  hope  that  our  German  National 
expedition,  the  first  great  German  undertaking  in  the  field,  may 
promote  many  planktonic  problems,  and  that  the  six  naturalists  who, 
under  such  favorable  conditions  and  with  such  important  instruments, 
studied  the  oceanic  plankton  for  ninety-three  days  and  in  400  hauls  of 
the  net  were  able  to  obtain  a  rich  collection  of  pelagic  organisms,  will 
by  their  careful  working  up  of  these  enrich  our  knowledge  many  fold. 
However,  the  preliminary  contributions  of  Hensen  (22)  and  Brandt  (23) 
give  us  no  means  of  passing  judgment  upon  the  matter  now.  Among 
the  results  which  the  former  has  briefly  given  to  the  Berlin  Academy 
few  require  consideration;  but  for  this  the  difference  of  our  general 
jx)int  of  view  is  to  blame.  Thus,  for  example,  I  have  attempted  to 
explain  the  remarkable  '^similarity  to  water  of  the  pelagic  fauna,"  the 
transparency  of  the  colorless  glassy  animals,  in  1860,  in  my  Gen^*al 
Morphology  (ii,  p.  242),  according  to  Darwin's  Theory  of  Selection,  by 
natural  selection  of  like  colors  (30,  p.  248).    Hensen,  on  the  other  hand, 

*F.  Heincke  has  briefly,  in  his  careful  ''Investigations  upon  the  Stickleback/' 
given  expression  to  the  same  conviction  in  the  foHowing  words :  "  All  the  conclu- 
sions here  deduced  by  me  are  simply  and  solely  founded  npon  the  comparison  of 
very  many  individuals  of  living  species,  or,  in  other  words,  npon  the  stndy  of  indi- 
vidual variation.    I  am  convinced  that  in  essentials  the  stndy  of  embryology  will 
confirm  my  theory.    It  will  be  a  proof  of  this,  that  ho  who  wishes  aconrately  to 
describe  related  species,  and  races  of  a  species,  and  to  stndy  their  genealogical  rela- 
tion to  one  another,  must  begin  by  comparing  a  very  great  nnmher  of  individuate  from 
different  localities  accurately  and  metliodically.     He  wiU  then  soon  see  thai  proof  $  of 
the  theory  of  descent  by  this  means  are  found  in  great  numbers  at  all  timeo,  if  only  one  f 
does  not  spare  the  pains  to  trace  them  out."    (Ofversigt  af  K.  V.  Akad.  Forh.  Stock-  i 
holm,  1889,  No.  6,  p.  410.)    This  view  of  Heincke  is  shared  by  every  experienced  andj 
imbiased  systematist.  f 
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regards  hunger  as  the  cause  of  this,  and  the  '^tendency  to  explore  a 
relatively  great  bulk  of  water.'^  In  general,  according  to  his  view, 
"  many  larger  x)elagic  animals  bear  the  outsx)oken  character  of  unfavor- 
able conditions  of  life,  of  a  life  of  hunger." 

Kegarding  the  appearance  of  many  pelagic  animals  tn  swarms,  Hensen 
explains  "  that  the  young  do  not  float,  but  swim  freely.  In  conseiiuence 
of  this,  the  mother  animals  drive  them  away,  and  if  the  larvje  finally 
rise  to  the  surface  the  former  can  not  enter  into  competition  with 
them''  (22,  p.  252).  The  accumulation  of  numbers  of  Physalia  in  great 
swarms  stands,  according  to  his  view,  in  correlation  \7ith  the  mode  ot 
movement.  The  animals  which  are  capable  of  no  independent  move- 
ment of  progression  must  remain  rather  closely  crowded  together,  in 
order  to  be  able  to  reproduce  bisexually;  those  carried  too  far  away 
must  perish."  On  the  other  hand  it  is  to  be  noted  that  the  Physalia  is 
not,  as  Hensen  assumes,  gofwoJioristiCj  but  always  liermaphrodUic^ 

The  above-mentioned  phenomena,  the  similarity  to  water  of  the  x>e- 
lagic  fauna,  the  periodic  appearance  of  many  pelagic  organisms  in 
swarms,  their  abundant  accumulation  in  the  zoocurrents  (p.  85),  particu- 
larly their  relation  to  the  currents,  are  only  a  few  of  the  greater  prob- 
lems which  planktology  furnishes  for  human  investigative  euergy.  For 
these,  as  for  so  many  other  fields  of  biology,  Oharles  Darwin,  by  the 
establishment  of  the  descent  theory,  has  opened  to  us  the  way  to 
a  knowledge  of  causes.  We  must  study  the  complicated  reciprocal 
relations  of  the  organisms  crowded  together  in  the  struggle  for  exist- 
ence, the  interaction  of  heredity  and  variation,  in  order  to  learn  to 
understand  the  life  of  the  x)lankton.  But  in  these  plankton  studies,  as 
well  in  physiological  as  in  morphological  questions,  we  must  use  that 
method  which  Johannes  Miiller,  the  discoverer  of  this  field,  always 
employed  in  a  manner  worthy  of  imitation :  simultaneous  "observation 
and  reflection," 

*  The  cormi  of  aU  Phyaalidce  »re  monceoions,  their  cormidia  mouoclinio.  Each 
siDgle  branch  of  the  racemose  gonodendron  is  monostylic,  and  hears  one  female  and 
several  male  medusoids.  The  facts  were  brought  out  thirty-five  years  ago  by  Huxley. 
(Compare  my  Report  on  the  Siphonophoric :  Zoology  of  the  Challtnger,  vol.  xxviii, 
pp.  347,  356.) 
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Propagation  of 56,158,150 

Statistics 189 

Specimens  for  aquaria,  collection  of 55 

Spiiidel,1 26 
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Stations : 

Listof 10 

Prodoctlonof 10 

Reports  on 14 

Statistical  field  work 8 

Statistics: 

Blueflsh  fishery 190 

Bonito  fishery 191 

Crevalle  fishery 192 

Menhaden  fishery 193 

Oyster-packing  industry 1 86 

Pompano  fishery 191 

Porgy  fishery 192 

Shadfishery 193 

Sheepshead  fishery 193 

Spanish-mackerel  fishery 189 

Spotted-Btiiieteague  fishery 191 

Striped-baw  fishery 192 

The  fisbeiies,  report  on 8,173 

Weak  fish  fishery 191 

Steam  launch  for  Put^in  Bay 38 

Steams.  Robert.  E.  C 67 

Steams  Silas 180 

SteTwtomuM  chrytopt 160 

Steyens,C.W 154 

Stevenson,  C.  H 175,179,105 

Sticklebacks,  spawning  of 55 

Stockbridge,  Francis  B G4 

Stone,  Livingston 132 


Straits  of  Magellan,  birds  of 

Strsnahan,  J.  J 

Striped  bass  on  the  Pacific  coast 

statistins  of 

Stromateus  paru 
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66 

38 

9 

192 

193 

Sturgeon  fishery  of  Potomac  River 182, 193 

Stnrpeon  yearlings,  occurrence  of 32 

Sunflsh 191 

distribution  of 35,44,84,96 

Superintendent  of  schools,  Oleau,  N.  Y. . .  170 

Sweeny,  sr.,  R.  O 43 

Switzerland,  fish  sent  to 74 

Syeotypus 112 

Syrian  College 170 

Tables,  list  of: 

Appropriations 1 

Bluefish  statistics 190 

Central  Station,  operations  at 33, 34, 35 

Cold  Spring  Harbor  Station,  produc- 
tion at 28 

Craig  Brook  rearing  operations 17, 18, 19 

DiHtribution,  details  of 76-96 

Fort  Washington,  shad  eggs  collected 

at 33 

shad  taken  at 33 

Gloucester  Station,  Mass.,  operations  24 
Landlocked  salmon,  spawning  opera- 
tions of 14 

weight  of 16 

Lobster  eggs  taken 165 

Lobsters,  size  of 165 

Marine  fishes,  spaivning  of 26 

Mississippi  Basin  fishes  distributed. .  44 

Oyster-iiacking  statistics 186 

statistics   of  South   Atlantic 

coast 179 

Potomac  River  shad  catch 183 

Production  of  fish  by  stations 10, 11, 12 

summary  of 13 

Quin cy  Station,  fish  distributed  from .  44 
Railroads  furnishing  free  transporta- 

t-atiou 00 

Railroad  service 60 

Schoodic   Station,    siMwning  opera- 

tionsat 14 

Shad  catch  of  Potomac  River I9i\ 

eggs  collected  at  Fort  Washing- 
ton Station 33 

taken  at  Fort  Washington  Sta- 
tion   33 

South   Atlantic    Coast  oyster    sta- 
tistics   179 

Spanish  mackerel,  propagation  of 56 

statistics 189 

Spawning   oi>crations     at    Schoodic 

Station 14 

Squeteague  statistics 191 

State  fish  commissions,  fish  furnished.  71 

Stations,  list  of 10 

production  of 10, 11, 12 

Temperatures 26, 28, 34 

Terapcrat  ure  stations,  list  of 130 

Transi)ortation     furnished   by  rail- 
roads   60 
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Tables,  list  of— Continued. 

Water  density  at  Woods  Holl 26, 28 

temperature  at  Central  Sta« 

tion 34 

Woods  Holl.  26,28 

Weakflsh  statistics 191 

Woods  Holl  fish-coltoral  operation8.25,26,28 

Tangier  Sound,  oyster  invMtigation  of . . .  ,  5, 122, 

123,124 

Tanner,  Z.L 2,100,134 

TautogaonUis 160 

Tautog: 

Characteristics  of  eggs 26 

Distributiou  of 84 

Propagal  ion  of 25, 160 

Spawning  of 28 

Temperature  in  density  observations 131 

stotions 130 

ofwater 26,28 

Tench: 

Distribntlon  of 84,35,46,86 

Propagation  of 35 

Spawningof 46 

Terrapin  statistics 183 

TerrR  Haute,  Ind 147 

Tbimblo-eye  mackerel 203 

Thompson,  W.J 28 

Tides  in  Long  Island  Sound 116, 117 

Tillamook  Rock 105 

Tippecanoe  River 147 

Toad  fish: 

Characteristics  of  eggs 26 

Spawning  of 26 

TokePoint 105 

Tolbert,  George  H 48 

Towing  net  for  intermediate  depths 108 

Townsend,  Charles  H 3, 67, 100, 107 

Traekynotus  earolintu 191 

Transportation  granted  by  railroads 60 

Treasury  Department,  relations  with 196 

Trevall6 192 

Trout  destroyed  by  irrigating  ditches 141 

parasites,  cause  of 140 

of  Yellowstone  Park 139 

Twin  Lakes 147 

TTgaguk  River 102 

ITnipqua  River 105 

Unalaska 101 

Unimak  Pass 100 

U.  S.  Coast  and  Geodetic  Survey .  .116, 120, 123, 126 

U.  S.  Fish  Commission,  investigation  of . .  61 

TJ.  S.  National  Museum 170 

University  of  North  Dakota 154 

Pennsylvania 123 

South  Carolina 170 

Wisconsin 170 

VroHUpinx 1 54 

Utah,  explorations  of 7 

Utah  Fish  Commission 72 

Utah,  Investigations  In 140 

Utah  Lake,  trout  of 142 

Valentine,  Ind I47 

Vasey.George 66,67 

Venus  mereenaria 185 


Pica 

Vermont  Fish  Commission 72 

Vermont    fish  •  hatchery,    appropriation 

for 50 

Vessels,  improved  types  of 199 

Virginia  oyster  fishery 4 

Von  Behr  trout: 

Distribution  of 46,79.90,91 

Propagation  of 18, 34«  36, 37. 39, 41, 43, 44, 45 

Vreeland,  Charles  E 126 

Wabash  River,  Indiana 147 

Walrus  Islands 102 

War  Department,  conrteaios  fhnn 73 

Washington  and  Jefferson  College 187, 168 

Washin  gton  treaty,  abrogation  of SOI 

Wata»e,8 153 

Water  analysis  of  Long  Island  Sound 119 

Waterdensity 26,28 

Water  temperature 26,28 

W«ters,B.H 154 

Wcakfish,  statistics  of 191 

West  Indies,  birds  of 66 

West  Virginia  Fish  Commission 72 

White,  Charlea  A 66 

White,  H.  G 151 

White  bass,  distribution  of 44.82 

Whitefish: 

Distribution  of 80,81,92 

Eggs,  collecting  of 4^ 

Propagation  of. . . .  .33. 34, 87, 38, 39, 41, 42, 43, 44 

White  trout 190 

Wilcox,  W.  A 174.175,180,196 

Wilkins,C.F 188 

WilUpaBay 105 

Williams,  George  B.,Jr 49 

Wilson.  H.V 6,151,157,167 

Wilson,  J.  M 68 

Windom,  W 197 

Winslow.  Francis 120,123 

Winyah  Bay,  oyster  investigation  in 120 

Wires,  S.P 42 

Wisconsin  Fish  Commission 72 

Wisconsin,  investigation  in 145 

Wisconsin  State  Normal  School 171 

Wlthlacoochee  River - 150 

Woman's  College  of  Baltimore 170 

Wood  River  salmon  fisheries 96,134 

Woods  HoU  Station,  Mass. : 

Fish-cultural  work  at 155, 157, 160 

Laboratory  at 99,151 

Naturalist  at 6 

Production  of 10 

Report  on 24,151 

Woodworth,  W.  McM 153 

Woolman,  Albert  J 149,150 

World's  Columbian  Exposition 69, 171 

Worms,  anatomy  of 153, 1 54 

Worth,  S.G 22,33,181 

Wright,  A.  A 154 

Wyoming  Fish  Commission 72 

Wyoming,  investigations  in 135 

Wy  theville  Station : 

Produ  ction  of 11 

Reporton 36 

Yale  Univeralty 164 


INDEX. 
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YaquinaHead 105 

Yellow  i>ercli : 

Dwtribution  of 34, 35. 81, 92, 03 

Hatching  of : 34 

Propagation  of 33 

Spawning  of 55 

Yellow  River 147 


Page. 

Yellowstone  National  Park : 

Fish  in 135,136 

Fish  planted  in 137 

Invertebrate  fauna  of 7 

Investigations  in 7, 135 

Streams,  characteristics  of 137, 138 

Zimmerman,  J 128 


INVESTIGATIONS  OF  THE  ALBATROSS. 


A.  B.  Field,  steamer 214 

Abingdon  Island 265 

Acapulco 258,265,287,268 

Agassiz,  Alexander 258, 259, 264, 266 

Aghileen 247 

Affonidce,  occnrrenco  of 235, 236 

Akun  Island 280 

Akutan  Island 280 

A  k  uian  Pass 253 

Alaska  Commercial  Company 231, 232, 244 

Alaska,  investigations  in 207, 226 

Alaska  Packing  Company's  cannery 285 

Alaska  Peninsula 239, 245, 246, 256 

AlcyonuifHis,  ooonrrenoe  of 225, 256 

Aleknagik  Lake 287 

Aleutian  Islands 253, 287 

Alexander,  A.  B 214, 219, 229, 237, 270, 271 

AUigator-fish 236,237,255 

Amak  Island 233, 234, 237, 239, 246, 253, 281 

Amphipoda 256 

Anchovies,  occurrence  of 258, 277 

Anderson,  Capt 243 

Anderson,  E.  A 257,270 

Anderson  Rock 227 

Annelids,  occurrence  of 210, 213, 225, 226, 235, 

236,255 

Annette  Island 207 

Afio  Nuevo 222,276 

Antedon 256 

AnthomastfU 225 

AfUimara 255,256 

Apparatus  used 213,217,269 

Arago,  steamer 232,244 

Arch  Rocks 273 

Arctic  Canning  Company 284,287 

Arctic  t4>mcod 236 

Arena  Point 275 

Ascidians,  occurrence  of 225, 235, 236 

Astoria 213,214,215 

Attrophytony  occurrence  of 225, 235, 237 

Atka  Island 287 

Atlantic  Ocean 266,284 

Auks.  Little 227 

Auk  Village 209 

Avatanak  Island 280 

Baird  Bank 234, 237, 239, 240, 249,  253, 255, 281, 

282,283 

Baird.  Spencer  F 239 

Bait,  abundance  of. 281,290 

BallenasBay 276 

Banks,  cod 230,244 

Bank,  Baird 234, 237, 239, 240, 249, 253, 255, 281 , 

282,283 
C;9r4«U , , 820,2^,276,277 


Bank,  Flatter>' 217,275,289 

Grand 281,289 

Gravel 283 

HeceU 217,254,271,275 

Kulukak 283 

PortMoller 281 

Slime. .  .232, 237, 239. 253, 254, 256, 280, 281,283 

Yaqnina  light-house 217 

Bank  off  Grays  Harbor 216 

Bank  off  Nestuggah,  Oregon 214 

Bank  off  Toke  Point  light-house 217 

Banks  off  Santa  Cruz 219 

Banks,  Hospital 283 

Barabaras 244 

Jlaranoff's  report,  cited 242 

Baronovitch  fishery 208 

Barracuda,  occurrence  of 279 

BartlettBay 209 

Basket  stars,  occurrence  of 235 

Bass,  sea,  occurrenceof 276 

Bathymasters,  occurrence  of 235 

Bay,  Chatham 261 

Bay,  Wafer 262 

Beam  trawl,  use  of 213 

Bear,  steamer 226,232 

Bears,  occurrence  of 242,249 

BechorBay 221 

Belcher,  Sir  Edward 261 

Bell,  Capt 214 

Benham,  A.  E.  K 226 

Bering  Sea 227, 231, 235, 239, 243, 245, 251. 253, 

255,256,280,281,284,287 

Bering  Sea,  fannaof 254 

Bering  Sea  inveatigations 210, 226, 238, 269 

Bering  Sea,  meteorological  conditions  in . .         252 

Bindloe  Island 265 

Black-cod,  occurrence  of 213, 217, 272 

Black  fulmars,  abundance  of 218 

Blackbeach  Road 264 

Black  Rock 251 

Bluff  Point 248 

Boats,  fishing 277,285 

Bodega  Bay 275 

Bodega  Head 275,277 

Bogoslof  Island 242 

Bogoslof  Volcano 242,244 

Bonita,  steamer,  collision  with 215 

Booby,  occurrenceof 258 

Brachiopods,  occurrence  of 225, 255 

Bristol  Bay .  .228, 232, 234, 236, 245, 250, 252, 281, 282, 

283,284,287 

Bristol  Bay  Canning  Co 285. 286, 287 

BristolBay,  fauuaof 254 

Bristol  Ba^,  flaking .,., ^^^MvWA^ 
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Bristol  Bay,  halibut 281 

Bristol  Bay,  cod 282,283 

Bristol  Bay,  salmon  caiioerics 284 

British  Columbia  Indians 207 

Broad  Bay 245 

Brothers 218 

Broughton  Straits 227 

Brown,  George 226 

Bryozoans,  occurrence  of 225, 236, 237 

California  coai«t,  explorations  off 210,215,216, 

219,222 

California,  Lower 268 

Calkins,  C.G 218,237,270 

Cancer  antennanu* 225 

Cancer  magUter,  abundance  of 225 

Cancer  produetitM 225 

Canneries  of  Kushagak  River 285 

Canneries,  salmon 229, 251, 281, 285, 286, 287 

Cannery  atChilkat 209 

at  Freshwater  Bay 209 

atKartaBay 208 

near  Port  Simpson 208 

of  Alaska  Packing  Co 285 

Cape  Cheerful 242,244,245,288,290 

Chichagof 239 

Constantino  . . .  .230, 236. 240, 250, 251, 253, 283 

Corrientos 267,268 

Falcon 272,273 

FUttery 212,226,254,271,274 

Flattery  fog  signal 211 

Flattery,  investigations  off 216, 217 

Flattery  light- house 217 

Glasonap 233,246,247 

Gregory 212 

Gregory,  investigations  In  Tlclnity  of        274 

Grey 249,250 

Hague 289 

Kalekhta 244 

Kutuzof 249 

Lookout 214,273 

Mala 268,267 

Makushin 242,244,246,289 

Meares 273 

Menchikof 249 

Mendocino 216, 216, 226, 254, 271, 275 

Morgan 253 

Newenham 229, 230, 231, 230, 240, 252, 253, 

283,284 

Northwest 280 

Orford 215,217,254,274 

Perpetua,  Oregon 272 

Peirce 240,252,283 

San  Lucas 267,268 

Sebastian 215,275 

Seniavin 249 

Strogonof 249 

Suworof 250 

Capelln 236 

Cap  tain  Harbor 255, 280, 290 

CardenaBay 207 

Careproeius 235, 255 

Caribbean  Sea 261,206 

CarmelPoint 223 

Carter  Bay 207 
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Cave,  disoovery  of 

Cave  Point HI 

Census  ageni  aldod 9^ 

Central  America,  investigations  off  west 

coast 296 

Central  Pacific  R.  R 263 

Cerroalsland 257 

Charles  Island 254,265 

Charleston,  steamer 218,226 

Charts 256 

Charts,  inaccuracy  of 228 

C  h  ttth  am  Bay 261, 282 

Chatham  Ishmd 264 

Chatham  Straits 208,209 

Chemoffsky 245,289,290 

ChomoffskyBay 245 

Chestakof  Island 249 

Chilkat 209 

Clarenco  Straita 208 

Clark,  J.  W 229,285 

Clark  Point 250,251 

CUpperton  Island 267 

Coal  Bluff ^..         248 

Cobos,  Senor  Manuel  A 264 

Cocos  Island 258,260,261,262,267,268 

Cod,  abundance  of 237,245 

Cod  affected  by  weather 2ffi 

Cod,  black,  oocnrrence  of 213, 217, 272 

Cod,  cultus,  occurrence  of 213, 220, 275, 276 

Cod  banks 224,230,234,245 

Cod  banks  in  Bering  Sea 245 

Cod  grounds 232 

Cod,  occurrence  of. . .  .208. 214, 236, 239, 240, 255, 281 

288,288 

Cod,  pebbles  found  in 283 

Cod,  young,  abuudanceof 290 

Coffee  Point 251.286 

Coiba  Island 258 

Collision  with  steamer  Bonita 21 5 

Coluett,  Capt 261 

Colon 258 

Columbia  River 226,271 

Columbia  River  boats,  type  of 285 

Columbia  River  soundings 275 

Coma  tuUe 225 

Compass  errors 231 

Conway  Bay 265 

Cook,  Capt 242 

Coquille  River 274 

Corals 256 

Corals,  alcyonarian 225 

Corals,  occurrence  of 213,225,256 

CordellBank 220,222,276,277 

Corrientes,  Cape 268 

Oorwin,  steamer 243 

Crabs,  hermit 237 

Crabs,  occurrence  of 225, 226, 237, 243, 2S5, 277 

Crew,  reduction  of 269 

Crinoids 256 

CrooktMl  Island 251 

Crow  Reef 248 

Crustacea,  iibuudnnce  of 226, 236, 255 

Cultnscod,  occurrence  of 213, 217, 220, 275, 276 

Cup  corals 213,225,256 
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CypnaBTotnt 221,223,278 

Dampier,  xeBatH 261 

Dawes,  H.  L 207 

Beer  Island 240 

Deep-sea  sounding  appanttus 260 

Departure  Bay 207,210,212,226,227,254 

Difficulties  encountered  by  fishermen 218 

Doe  Point 248,240 

Dogfish,  abundanoeof 213 

Dog  salmon 255 

DralceBay 220,276,277 

Drake,  N.H 256,270 

Dredgin  g  apparatus 218, 270 

Dredging  and  trawling  stations,  record  of,  302-310 

Dredge  rope 270 

Drowning  of  men 218 

Dry  dock  at  Esqnimalt 210 

Duncan,  Mr 207 

Duncan  Island 265 

Duncan  Rock 211,212 

BagleRook 248 

£berlo,E.  W 237,256 

S^inaraehnius 236 

Ecuador,  eoastcurrent 268 

Eelpouts,  oconrrence  of.... 235 

Ekuk 228,251 

EHer  Point 245 

Electrle  light  used  In  collecting 217 

ElJarrow  Point 222 

Engine,  accidentto 211 

Engine,  reeling 270 

Engine,  repairof. 212 

Bnright,  J.,  drowning  of 218 

Entrance  Point 284,288,242,247,248,249 

Esquimalt,  dry  dock 210 

Eskimos,  illness  of 230 

Eskimo  village 251 

BeterosBay 221 

Etolin  Point 228,250 

Exhibition  of  AKhb^tom  at  Portland,  Oreg.         215 

Falcon  Books,  InTestigfttions  of 214 

Ftelse  TiUamook 272 

Fanny  Shoal 276 

Farallon  Islands 228,276,277 

Faasett,  Harry  C 237,270 

Fannaof  Bering  Sea 254 

BristolBay 254 

PaoiflcOcean 254 

Finback  whiles 245 

Fishermen,  difficulties  encountered  by  ..         218 

Fishes  found  off  Califomia  coast 224 

Fishing  boats 277 

Fishing-grounds 232,276,282,284 

Fish  Ing-grounds  off  Orford  Reef. 217 

Fishing  stations,  table  of 811-315 

Flatter}' Bank 217,275,289 

Flattery  Rocks 216,217 

Flatfish,  occurrence  of 217,220 

Flounders,  occurrence  of 218, 217, 225, 235, 236, 

237, 255, 272, 273, 275, 277, 281, 290 

Flying  fish 258 

Forestflres 210 

Mtramiinifera 261,266 
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Fort  Alexander 251,285 

Fort  Tongas 207 

Fox  Rock 254 

Freshwater  Bay 200 

Frigate-birds 258 

Fulmars,  abundanceof 218 

Fur  seals,  occurrence  of 226 

Galapagos  Islands 256, 263, 264, 265, 267, 268 

Galera  Point 263 

Gardner,  Jas.  E 237,256 

George  L.  C/bonee,  schooner 275 

GerstleBay 247 

Gilbert,  C.H 210,226,235,237,254,266 

Gill-net  salmon  fishing 285 

Gilmer,  W.W 226,237,268 

Glacier  Bay 209 

OlyjttoeeptuUuM  zaehirtu «....         225 

Golden  Gate 220,223 

Golets  Channel 211,227 

Gonies,  ocourrenoeof 218 

GoodnewsBay 281,252 

Gorgonian  corals 226,237 

Grand  Bank 282, 

Gravel  Bank 

Grays  Harbor  Bank 216 

Great  Glacier 200 

Guadelouiw 257 

Guaymas 265,266,267 

Guillemots 243 

Gulf  of  Califomia 217,258,266 

Dulce 258,267 

Georgia 227 

Mex  ico 266 

Panama 261,263,264,265.267 

Gulls,  occurrence  of 218,227,258 

Haciendadel  Prdgreso 264 

Hagemeistsr  Channel 230,236,252 

Hagemeister  Island 236, 240, 252, 283 

Hagfish,  occurrence  of 210 

Hague  Channel 238,248 

Half  tide  Rook 248 

Halibut,  occurrence  of... 208, 217, 236, 244, 245, 255, 

275,281,282,289 

Harbor  Point 247,248 

JSasaler,  steamer 226 

HecetaBank 213,216,217,254,271,275 

HecetaHead 272,274 

Herendeen  Bay  .  .234, 235, 238, 239, 241, 242, 247, 249, 

263,256,256.282 

Herendeen  Bay  ooal 241 

Hermit  crabs 237 

Herring,  schools  of 227 

EexagrawmuM 236 

High  Island 251,252 

Holcombe,  J.H.L 257,270 

Holothurians,  oocurrenoo  of.  .213, 225, 226, 237, 255 

HoonyahBay 200 

Hospital  Banks 283 

Humboldt  Current 263,267,268 

Humpback  salmon,  abundance  of 290 

Hundred-fathom  curve 216 

Hunt,  A.M 269,270 

HydroeortMinm 
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Hydit>gnipnlo  information 245 

Hydrographio   operatioug    off  coast    of 

WaAhington 271 

Hydrographio  aoaodinge,  record  of 291^01 

Hydroida 236,255,256 

Icy  Straits 200 

Illnliuk 227.231,242,244,245,287,290 

Indefatigable  Island 265 

iDcUans  of  British  Columbia 207 

Isanotoki  Strait 246 

Italian  fishermen  of  San  Francisco 275 

IxenbekBay 233,246,281 

James  Island 265 

Jellyflshes 280 

Jeneen,  H.  C 284 

Jicarita  Island 258 

Jones,  J.K  , 207 

Johnson,  P.  H 229 

Johnston,  Marbary 218, 237, 256 

Johnston  Channel 238,248 

Johnston  Hill 249 

Johnston  Straits 227 

Jnneaa 200,210 

Karluit  steamer 232 

Karta  Bay 208 

Kastromotinoff,  George 208 

Keen.  J.  W 207 

Khudiakoff  Islands 247 

Khudnbine  Islands 247 

Kiely,  John 257 

King  salmon 286 

KoosBay 215 

Kootsnahoo  Koads 208,209 

Kritskoi 247 

Knakokwim  River 229, 230, 231, 236, 245, 249, 

252,283 

KnlnkakBay 240,245,251 

Bank 240,283 

Kvichak  River 245,282 

LakeNushagak 287 

Lee,  W.  W.,  drowning  of 218 

Lmnesorier  Point 210 

Lionel  Wn/er,  vessel 261 

Ling,  occurrence  of 172 

JApariS;  occnrrence  of 236 

Lithodet,  occnrrenceof 226 

Little  auks 227 

Lobas  Point 276 

Long-finned  sole,  occurrence  of 225 

Lopez  Rock 223 

Lower  California 268 

Lower  Nushagak 251, 256 

Low  Point 239 

Lyeodea , 235 

McCormick,  CM 237,256 

Mackerel  attracted  by  electric  light 217 

Macrurus 255, 256 

MakushinBay 244,289,290 

Makushin  Volcano 243, 256 

MalpeloLshind 258,262,267 

Mandcrson,  C.  F 207 

Man-of-war  hawks 258 

:|Ivble  Ppinti , 238,948 


Psga 

Mare  Island  navy-yard 216, 218, 222, 226, 256, 

267.268 

Marieto  Point 258 

Marion,  IT.aS 226 

Jdatthew  Turner,  achoaner 243 

MattiB  T.  Dyer,  schooner 232 

Jfnfiacs,  occurrence  of 232,237,254,255 

Mendenhall,  Thomaa  C 209 

Mendocino  Capo 237,275 

Merriam,  Dr.  C.  Hart 269 

Meteorological  oonditiona  in  Bering  Sea . .         252 
Meteorological  observations,  record  of . . .  329-342 

Mexico,  coast  of 256,! 

Mexico,  Gulf  of 

MierotUnMU  paxifiieut 225 

Midway  Rock 248 

MiUor,  N.B 237,270 

Mine  Harbor 238,239,241,248,249,255 

Mollusks 213,236 

Moffett  Point 247 

Monterey  Bay  .^ 221,222,223,278,279 

Monterey  fishermen 279 

MorroPuerooa 258 

Muir  Inlet 200 

MurcencideM 236 

Myctophwn 235,256 

Naked  mollusks 237 

Naknek  River ...  .228. 236, 240, 245, 240, 250. 282, 287 

Kateekin  Bay 245 

Natural-history  observations 235, 254 

Navy-yard,  Mare  Island 218,226,256,268 

Negrotti  and  Zambra  thermometers 260, 270 

Nelson  Lagoon 247 

Nestuggah,  Oregon,  bank  off 214 

Net,  Tanner 263,266 

Net,  trammel,  use  of 276 

NewBogoslof 242,2a 

Newenham,  Capo 284 

New  Metlahcatlah 207 

NicholsHills 250 

Northern  Pacific  Industrial  Expositioii. .         215 

North  Farallon 232 

Noonday  Rock 220,222,277 

Northwest  Cape 231, 283, 233, 237, 245, 246, 280 

Notaeanthut 256 

Nuniv^  Island 284 

Nushagak  Canning  Co 220,285 

Nushagak  Lake 287 

Nushagak  Packing  Co 251 

Nushagak  pilot 228 

Nushagak  River 228,230,236,240,245, 

250,282,284.286 

Nushagak  River  canneries 285 

Oetopua,  occnrrence  of 2^,255.^6 

OkhotakSoa 290 

OldBogoslof 242 

Old  MetUhcatlah 207 

Olga,  schooner 234 

Ophinrans,  oocurrence  of,  210, 213, 225. 235, 237, 255 
Oregon  coast,  investigations  off. .  .210, 212, 216, 254 

OrfordReef 214,217,274 

Orange  rockfish,  occurrence  of 273 

Otter  Bay , „ ,...        213 
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Page 
Oyster  inyestigatioii   in    San  Franciaco 

Bay 269 

*aoiflo  coaat  curve 216 

*aeiflc  Ocean,  fauna  of 254 

'aciflc  whiting,  occurrence  of 217 

'adgett,  K.  S.,  drowning  of 218 

anama 257,258,262 

anama,  Gulf  of * 261,263 

anamaRoad 258 

"anama,  currentuff. 268 

armenter,  H.  E 218 

avloff  Harbor 209 

'avloff  Volcajio 247 

'earllslandB 265 

'earl,  schooner 240,249 

eirceCape 240,252,283 

elicana 258 

'ennatulas 225 

*erch,  abundance  of 279 

'erch,  Tiyiparous,  occurrence  of 279 

•eril  Straits 208,209 

'erpetua,  Cape,  Oregon 272 

'eraonnel  of  vessel 237, 270 

'etrels,  oconrrenceof 218,258 

»etrofl;ivan 229,230 

'hilippi,  Walter,  drowning  of 218 

ledraa  Blancas  Point 221,223 

Igeon  Point 219,220,222 

niotSteUon 250 

•lover,  capture  of 227 

*oint  Aflo  Nuevo 276 

Arena 220,222,254,275 

Arguello 221,223 

Bonita 219,220 

Buchon 221,223 

Carmel 221 

Coffee 286 

Conception 221,223 

Cypress,  trials  with  hand  lines  and 

beamtrawl 278 

Divide 235,238,239,247,248 

Esteroe 223 

Galera 263 

Lobas 276 

Pillar 223 

Pinos 222,223 

Purisima 223 

Beyes 222,223,254,275,277 

Reyes  light 4 220 

Sal 223 

San  Luis 221,223 

SanPedro 276 

Sur 223 

Tomales 275 

»ollock,  occurrence  of 235,236,237 

»olyp 225 

'orpoises,  marking  of 227 

'orpoiaes,  occurrence  of 218,  226, 227, 258 

»ortageBay 209 

Portland,  Oregon 271 

?ort  Chester 2<)7 

Haiden 240, 249, 253 

Moller 234, 235, 238, 239,  242, 249, 253, 282 


Paga 

Port  M611er  Bank 281 

Orford 215 

Simpson 207 

Townsend 210. 211, 212, 254 

Wrangell... 208 

Port  Townsend  and  Southern  R.  R 254 

Post^fflceBay 265 

Prawns,  occurrenco  of 218, 225, 236, 255 

Pribilof  Islands 260 

Priest  Point 244.288,293 

Progrumnoi  Volcano 246 

Protection  Point 228.240,250 

Puffins 212 

Pyramid  Harbor 209 

Queen  Charlotte  Islands 253, 256, 274, 289 

Queen  Charlotte  Sound 227 

Rankin,  Mr 289 

Red  rockflsh,  occurrenco  of 273, 275, 276, 277 

Red  salmon •- 286 

Reeling  engine 270 

Reindeer,  occurrence  of 242, 249 

Repair  of  Albatross 216, 218, 226. 256, 263 

Repair  of  engines 2  J  2, 270 

Reuee,  ship,  rescuing  men  of 257 

RevUlagigedo  Islands 217 

Reyes  Point  fisheries 275,277 

Rivadeneyra  Shoal 202 

Rock-cod,  occurrenco  of 213, 214, 217, 220, 236 

Rockflsh,  occurrenco  of 272, 273, 275, 276, 277 

Roelker,  C.  R 235,237,241,257 

Rosario  Straita 254 

Round  Island 230,236,251 

Round  Point 233 

Rush,  steamer 244,253 

Russian  River 220, 222, 277, 

SaURock 242,243 

St.  Michaels 284 

StPaul,  steamer 232 

Salmon  canneries 209, 229, 251, 284, 285, 286, 287 

Salinas  River 223 

Salmon,  dog 255 

methods  of  fishing  for 285 

occurrence  of 208, 209, 240, 249, 286 


286 
286 
286 
287 
287 
236 
226 
222 


price  paid  for  putting  up,  etc. . . 

rod 

silver 

spawning  season 

traps 

young,  occurrence  of 

Salpce,  occurrence  of 

Salt  Point 

SanDiej^o - 267,268 

San  Francisco,  Cal , .  .219, 220, 253, 256, 257, 267, 268 

San  Francisco  Bay,  oyster  industry 269 

San  Francisco  fishermen 275 

SanLuisObispo 223 

Sannaklshind 227,235,253,288 

San  Pablo  Bay 218 

San  Simeon  Bay 218,221,223,278 

San  Simeon  Point 223,270 

Santa  Barbara 221 

Santa  Barbara  beach 279 

Santa  Barbara  channel 221,222 


H.  Mis.  113- 
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Page 

Santa  Barbara  Islands 26'i 

Santa  Cataline  Island 2ri7 

Santa  Cruz 219,222,223 

Santa  CruE  banks 219 

Santa  Craz  channel 257 

Santa  Cruz  fishermen 279 

Santa  Cruz  lighthouse 219 

Santa  Rosa  Ishind 221 

SauceUto 219,220 

Sawmill  near  Port  Simpson 2XiS 

Schlzaster,  occarrenco  of 225 

Sehizothctrua 255 

Scientific  results  of  cruise 266 

Scott  Islands 254 

Sculpins,  occurrence  of.   .235, 236, 237, 255, 275, 281 

Sea-anemones 236, 255, 256 

Sea  bass,  occurrence  of 276 

Sea  birds,  occurrence  of 22i$ 

Seal  Islands 249,263,269 

SeaLionRock 234.247 

Sea  lions 243,247,273.281 

Sea  lions  destructive  to  fish 214, 217, 251 

Seal  Rock 252 

Sea  trout 236 

Seattle,  AYashington 210 

Seapurcbins 210, 225, 255 

Sebastixm,  Cape 275 

Sebattodes,  occurrence  of 235, 236 

Sebtutolobtu,  occurrence  of 236 

Senate  Committee  on  Indian  Affairs 210 

Serial  temperatures,  record  of 328 

Seymour  Islands 265 

Seymour  Narrows 210, 227 

Sharks  218, 226, 227, 262 

ghawBay 228,246 

Shells,  occurrence  of 210, 225, 235, 230 

Shingle  Point '^8 

Shishaldin  Volcano 246 

Shrimps,  occurrence  of 225, 235, 236, 256 

Shuraagin  Island 253, 288 

Silctz  Bay 273 

Silver  salmon 286 

Sitka 208,209 

Siuslaw  River 272 

Skates,  occurn^nce  of 235 

Slimo  Bank . .  .2.12, 237. 239, 253, 254, 255, 280, 281, 283 

Smelt,  abundance  of 279 

Smith,  A.Vr 282 

Sole,  ot:eurrenco  of 217, 277  278 

South  America 263 

South  Head 250 

Southern  Pmitic  R, R 263 

South  Farallon  light 219 

South  Farallones 219, 222 

Si)ecific  gravities,  record  of 321-327 

SpougeH,  occurrence  of..  .213, 225, 234,  235, 236, 237, 

255,256 

Squids,  abundance  of 225 

StJirflah 210, 255, 256 

Stockbridgo,  Hon.  F.B 207 

Straits  of  Fuca 211, 212 

Submarine  tow  net,  descrijition  of 259 

Submarine  Valley  off  Monterey  iiay 222 

Suciolslandfl 254 


Page. 
249 
212 
255 


Sullma  River 

Surf  ducks 

Sytiaphobranehus 

Tables : 

California  coast  fishes 234 

Dredging  stations 302-310 

Fishing  Btaiions 311-315 

Hydrographio  soundings 391-301 

Meteorological  observations 329-342 

Ocean  temperatures 321-^7 

One-hnndred-fathom  curve 216 

Serial  temperatures S28 

Specific  gravities 321-327 

Summary  of  operations 237 

Towing-net  stations 330 

Tacoma,  Washington 207,210 

Tanner  net 263, 265 

Tanner  tow-net,  description  of 259 

Tehuantepec 256,267 

Temperatures,  record  of  ^ 321, 327, 328 

Thermometers,  Negretti  and  Zambra 260, 270 

Thetif,  steamer 218 

Tide  rips  off  Esteroe  Bay 221 

Tigaldilsland 280 

Tillamook  Bay 273 

Tillamook.  False 272 

Tillamook  Rock 212,217,273 

TogiakBay 251 

Toke  Point  light-house 217 

TomalesBay 275 

Tomales  Point 222, 275 

Tomood 236,275,277 

Tongue  Point 230,252 

Tow -net,  submarine,  description  of 2S9 

Tow-net,  Tanner,  description  of 259 

Townseud,C.H 233,237,264.269,270 

Trachiopods 213 

Trade  winds 287 

Trammel  net  used 276 

Trapon  Wood  River 229 

Traps,  salmon 287 

Treadwell  Mine 209 

Tres  Marias  Islands 266,268 

Trinity  Islands 253 

Trophon •        237 

Trout,  ooonrrenoe  of 209, 290 

Turtles 258 

Twine,  Barbour  _. 283 

Twins M 251 

ITgaguk  River 240,249,250,282 

Ugashik  River 240,249,282 

UlakhtaHead 245 

UmbeUulas 225 

Umnak  Ishind 242,243,244,287 

Uranak  Pass 289 

Umpquah  River 216 

Unalga  Island 253 

Unalaaka 210.228,231,232,235,242,244,245, 

253,255,290 

UnalaskaBay 244 

Unalaska  cod  banks 245 

Unalaaka  Islands 287, 288 

Unimak  Cape 228 

Unimak  Island 228.236,239,246,280 
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UnimakPaiM 227,235,246,253,280 

U.  S.  CensuB  agent,  aided 229 

U.  S.  Chrant,  steamer 278 

IT.  S.  Senate  Committee  on  Indian  Affairs 207, 

209,210 

TanoouTer 261 

Vancouver  laland 227 

YanderbiU^  schooner 234,282 

Ffrraflia,  oocuxrence  of. 225 

Victoria 207,212 

Viviparous  perch,  occurrence  of 279 

Volcano 242,244,246,247,266 

'Wafer  Bay 262 

'Wallalla  Point,  investigations  off. 220 

'Walma,  abundance  of 281 

'Walrus  Islands.  .230, 233, 236, 240, 242, 247, 248, 250, 

251,252 

Waring,  H.S 218 

Washington  coast,  explorations  off . .  .210, 216, 254 


Page. 

Wassilieff,  Capt 224 

Wellington  coal 247 

Wenman  Island , 262 

Western  bank 278,282 

Whales,  feeding  of 229 

Whales,  occurrence  of 218, 226, 227, 245, 278 

Whiting,  occnrrenceof 215 

Wilioughby  Island 204 

Wilmer,J.B 257,268 

Williams,  Charles  S 237, 270 

Winds,  trade 267 

WislowBay 246 

Wolf  Point 247 

Wood  River 229,251 

Wreck  Bay 264 

Yaquina  Head 216,271,273 

Yaqnlna  light-house 213 

Yaquina  light-house  bank 217 


OYSTER  RESOURCES  AND  OYSTER  FISHERY  OF  THE  PACIFIC  COAST. 


Acapulco 361,362 

Alameda  Creek - 354 

Atbatro§§,  steamer 344*345, 346. 361, 302 

Algodones  Lagoon 361 

Altata 362 

Alviso  Slough 363 

An  gela  Creek 363 

AngelesBay 362 

Angel  Guardia  Island 362 

Alvarado 856,357 

Australian  oysters 362 

Ballona  Bay 364 

Bay  Center 367 

Bay  Farm  Island 352 

Beaid  Creek 363 

BellinghamBay 370 

Belmont 845,363 

Bruceport 367 

Booth,  A 353 

Budd  Inlet 369 

California  City 345 

Carmenlsland 362 

Carp  introduced  in^o  California  waters ...  344 
Catfish  introduced  into  California  waters .         344 

CayoteCreek 363 

Chesapeake  Oyster  Company 354 

Concepcion  Bay 362 

Corville&Co 353,357 

^Crawford,  James 360 

Culiacan 362 

Davidson,  Prof.  Greorge 846,360 

Doane,  Capt. W.J 369 

Doane,  Mr 351 

Doane  &  Co 354,357 

Dumbarton  Point 352, 356, 35? 

Dunn,  H.D 352,360 

Eastern  oysters  in  Pnget  Sound  and  Wil- 

lapaBay 370 

EllisLanding 352 

Employes  of    oyster  industry    in   San 

FnmoiscoBay 358 


Enemies  of  the  oyster  in  San  Francisco 

Bay 348-350 

False  Bay 364 

Ferry,  Governor  E.  P 370 

Fixation  of  spat 350-351 

Forbes,  Cleaveland 351 

Foreign  species  of  oysters,  proposed,  in- 
troduction   360-362 

Qedney^  steamer 367 

George  Island 362 

Guaymas 364 

Gulf  of  California 364 

Harkncss,  Dr.  H.  W 353 

HermosiUo 362 

HoodCanaJ 370 

Humboldt  Bay 364 

International  Oyster  Co.,  of  New  York  . .  354 

Introduction  of  foreign  species  of  oysters.  860-362 

La  Paz 362 

Laramie,  Colonel 370 

Lawson,  Capt 364 

Los  Angeles 364 

Manson,M 359 

Mare  Island 346 

MeArthur,  steamer 347,370 

McNear.Mr 359 

McNear's  Landing 359 

Mexican  Oyster  Company 362 

Millerton  Station 364 

Millbrae 349,350,356,357 

Moraghan,  M.  B 345, 349, 350, 357, 360, 367 

Moraghan  oyster  establishment 357 

Morgan,  Mr 354 

Morgan  Oyster  Company 356, 357, 358, 360 

Morgan  &  Co 354 

Mud  Creek 363 

MyliobatiM  eal\fomieu9 348 

Native  03'8ter  Company  of  Bay  Center  . .         867 

Natural  propagation,  evidences  of 851-353 

Newark 363 

North  Belmont 357 
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Page. 

North  Core 367 

Notes  on  the  oyster  industry  of  San  Fran- 

oiBCoBay 368,854 

Oakland  Creek 847,351,354 

Olympla 369,370 

Oyster  Bay 370 

Oyster  beds  in  San  Francisco  Bay,  pecu- 
liar situation 848 

Oyster  laws  of  California 365 

Washington... 371,372 

OHrtalurida 353,855,356,857,350,864,366 

iridescent 361,862 

pahnula 362 

vBx.  glamerata 362 

virginiea 350,351,360.861,862 

Oyster  product  of  Puget  Sound 360 

Oysters  put  on  the  market,  quantity 355 

OysterviUe 366,867,370 

Pacific  Coast  native  oyster 355, 356 

Palmer,  Dr.  Edward 362 

PinoloPoint 853 

Point  San  Bruno 853,354,856,357 

Point  San  Pedro 352 

Point  San  Quentin 352,354 

Port  Discovery 370 

PortOrford 370 

Preparation  of  ground  for  laying  out 

oysters 350 

Puget  Sound 860-370 

Bay,  Lieut.  W.P 847 

Be<lwood 363 

Bedwood  City  Creek 363 

Salinas  Bay 862 

SamishBay 370 

SanDiegoBay 364 

Harbor 364 

Biver 364 

San  Francisco  Bay 343-363 

San  Jose 363 

San  Josef  Island 862 

San  Leandro  Bay 352 

San  Mateo 345,355,357 

San  Pablo  Bay 840,350 


Page. 

SantaMonica 884 

Sausallto 354 

Seed  oysters,  transportation  of 354 

Sheep  (or  Brooks)  Island 352,354 

Shoalwater  (or  Willapa)  Bay 366-^169 

Soft-shelled  clam  introduced  into  Cali- 

fomla  waters 844 

South  Belmont K7 

Southern  California 364 

Spawning  season 353 

Starfish 350,370 

Steinberger  Creek 363 

Stingrays  and  stake  protection  against 

them 348-340 

Striped  bass  introduced  into  California 

waters 844 

Suggestions  as  to  oyster  cultivation 363 

Swanberg  &  West 353,354,357 

Temperatures  at  Olympla 370 

in  Oakland  Creek 347 

near  mouth  of  Yaqui  Biver        361 

of  San  Francisco  Bay 345-348 

of  water  and  air  in  tho 

Golden  Gate 846 

of  WillapaBay 867-388 

one  mile  from  Dumbarton 

Point 848 

taken  off  foot  of  Market 
street  and  Union  Iron 
Works,  San  Frandaco..  346-847 

Tide  Land  and  Water  Front  Co 360 

Tide  lands  of  San  Francisco  Bay 359-360 

Washington 370-371 

TomalesBay 361 

Union  City  Creek 363 

Urotalpinx  cinerea 349 

Vessels  of  San  Francisco  Bay 858 

WillapaBay 368-368 

Weinard  &  Terry 864 

Willapa  (or  Shoalwater  )Bay 366-369 

Wlhuington 364 

Wright,  W.P 870 

Yaqui  Biver 861-868 


COAST  FISHEBIBS  OF  TEXAS. 


Alligator  hunting 385 

Aransas  Bay  fisheries 409-412 

bay  seine 410 

hook  and  line 410 

importance 409 

oyster 410 

tnrtle 411 

markets 412 

Bay  seme  fishery 377, 382, 400, 405, 410, 413, 415 

Cast  net  fishery 381, 400, 405, 415 

Coast  of  Texas,  description  of 397 

Corpus  Christ!  Bay  fisheries 412-414 

bay  seine 413 

crab 413 

hand  line 413 

oyster 414 

markets 414 

CnbABhwy 385,402,413,415 


Espiritu  Santo  Bayfisheriee 407^408 

Fish  cultivation 396 

protection 396 

Fisheries,  geographical  review 397-415 

importance 374,386,409 

Fishermen 375 

Flounder  fishery 384,400 

spearing 400 

Galveston  Bay  fisheries 308-400 

bay  seine 400 

cast  net 400 

crab 402 

flounders 400 

hook  and  line 401 

oyster.. 401 

shrimp 40S 

spears 400 

surf  seine 400 
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PAffe. 

GalTMton  Bay  fisheries,  wagon 400 

marketa 403 

GUI  nets 381 

Hook  and  line  fishery 382,401,406,410 

Tiagwna  Madie  fisheries 414,415 

bay  seine 415 

oast  net 415 

crab 415 

oyster 415 

turtle 415 

Matagorda  Bay  fisheries 404-407 

bay  seine 406 

cast  net 405 

hook  and  line  . . .         406 

oyster 406 

markets 407 

Meaqnit  Bay  fisheries 406 

Oyster  beds,  aiea 387,  402, 406, 410, 414, 415 

cnltlTation 891 

location. 387,  401,  402, 405, 410, 414, 415 
Oyster  industry 886-303, 401, 405, 410, 414. 415 


Oyster  industry,  extent 

importance 

law  of  Texas 

Porpoises , 

Pound  nets 

Products,  marketing 303, 408, 

Red -snapper  fishery 

Rio  Grande  fisheries 

Sabine  Lake  fisheries 

San  Antonio  Bay  fisheries  ...* 

Seine  fishery 377, 382, 400, 406, 410, 

Shrimp  fishery -. 

Statistics  of  Texas  fisheries 

Surf-seine  fishery 377, 382. 400, 405, 410, 

Tabiilar  statements : 

Apparatus  and  capital  invested 

Persons  employed 

Products 

Turtle  fishery 382, 

Vessels  and  boats 


386 


410 

386 

881 

412,414 

382 

414,415 

897 

408 

413,415 

882,402 

41(M18 

413,415 

416 

416 

417 

411,415 

370.389 


SPABOID  FISHES  OF  AMERICA  AXD  ET7R0PB. 


Analyses  of— 

Anisotremns,  species  of 481-484 

Aprion,  American  species  of 456 

Apsilus.  American  species  of 455 

Arohosargusi  species  of 519-520 

Boridia,  species  of 526 

Cnsioaoma,  American  species  of 538 

Calamus,  species  of 508-510 

Conodon,  spocieoof 488 

Biplodus,  American  species  of 523 

Doydixodon,  species  of 532 

Etelis,  American  species  of 457 

Erjrthrichthys,  American  species  of. .  528 

Genyatremus,  species  of 504 

GireUa,  American  species  of 531 

Hsemulon,  species  of 464-468 

Hermosilla,  species  of. 533 

Hoplopagms,  species  of 431 

Isacia,  species  of 501 

Kyphosus,  American  species  of 534 

Lagodon,  species  of 518 

Lufjanus,  American  species  of 433-438 

Medialuna,  species  of 537 

ll^emlpterus,  species  of 505 

Ocyums,  species  of 452 

Orthopristis,  species  of 496-498 

Pagellus,  supposed  American  species 

of 517 

Parapristipoma,  species  of 502 

Pomadasis,  species  of 489-492 

Bhomboplites,  species  of 453 

Sparidflo,   European    aud    American 

genera  of 424-430 

SparidflB,  subfamilies 422-423 

Spams,  American  species  of 516 

Spicara,  supi>osed  American  species 

of 527 

Stenot^mius,  species  of 506, 507 

Xenichthys,  species  of 461 

Xenistins,  species  of 460 


Analyses  of— 

Xenocys,  species  of 

VeriluB,  species  of 

Anisotremus 426, 

bicolor 

OflDSluS 

oathu'inie 

davidsoni 

dovii 

paciflci 

soapularis 

serrula 

surinamensis 482, 

tnniatus 

vlrginicns 

Aprion 425, 

maorophthalmns 

Apsilus 424, 

dentatns  

AplodactyliusB 

Aplodacty  lus 

guttatus 

punctatuA 

Termiculattts 

Archosargus 428, 

aries 

pourtal^sii 

probatocephalus 

tridens 

unimaculatus 519, 

Bathystoma 

Boridia 

grossidens 

Boridiinffi 423, 

Boops 

sidpa 

Box 

boops 

Brach  jdenterus 

Brachy  genys 


459 
458 

480-487 

482,485 

481,484 

483,487 

483,486 

481,484 

481.484 

482,485 

484,487 

484-485 

483.486 

483,486 

456-456 

456 

454-455 

455 

423,430 

430,539 

539 

538 

539 

519-522 

520,622 

519. 521 

520. 522 
519,521 
520-521 

467 

428,526 

626 

428,526 

429,529 

520 

429,529 

520 

491 

407 
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Pag«L 

CflBsiOBOiu 430,538 

chilense S38 

Calamus 427,508-614 

arotifit>n8 510, 514 

b%joDado 509,512 

brachysomns 509, 512 

calamus 508,511 

leooosteos 509,513 

macrops  509,513 

medins 510,514 

ponna 510,514 

pexmatola 509,512 

proridens 508,511 

taurlnns 510,513 
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